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1 PURPOSE AND SCOPE]

The purpose of this report is to establish the results of a hydrology and hydraulic analysis
for the development of the Homeland Estates single-family housing subdivision in the
County of San Diego, California. This report is intended to present the findings of a
drainage study for the development of a surficial and underground drainage system for
the entire site, which will be necessary to convey the drainage flows safely to an
appropriate downstream discharge point.

This report is intended to replace the drainage calculations previously submitted to the
County in June of 2004 (see References Section).

Computer models (spreadsheet) have been created of the proposed drainage facilities and
simulate the performance that is anticipated due to the effects of a 100-year (surficial)
and 100 year (underground) storm event. Further descriptions of the areas and computer
methodology are contained elsewhere in this report.



2 EXISTING SITE LOCATION AND PHYSICAL DESCRIPTION|

The subject site is located on the west side of Miller Avenue between Hamilton Lane and
Clarence Street. The site is bordered to the north by the TM4848-1, a 9-lot residential
subdivision and to the south by Clarence Street as well as 3-single home 1-2 acre lots.
The easterly side of the project is bordered by Alexander Drive and three one to two acre
lots with single homes. The site is currently undeveloped with no existing structures or
residences on site. Current drainage is surface and approximately three fourths of the site
is allowed to drain into an existing D-36 concrete channel built by the 9-lot subdivision to
the north. The remainder is draining to an existing drainage earthen channel along the
edge of an existing driveway on the south side of the site and out onto Miller Avenue.
From there the surface drainage finds it’s way into the D-36 drainage channel at an L-
Type headwall. From there, all the drainage travels either under or over Miller Avenue
(see Existing Hydraulic Calculations for further explanation) and sheet flows into a 100’
plus wide channel on the westerly property. From there, all the drainage makes its way
into a County flood channel running along the west side of the property and empties into
Lake Hodges to the South.

The soils in the study watershed were identified as having relatively slow infiltration
rates when thoroughly wetted and fall into the “soil group D”. The land slopes range from
5 to 15% with the average being around 10%. This means that the generation of runoff
from rainfall events over these native soils can be expected to be high to very high.



B DEVELOPED SITE AND DRAINAGE DESCRIPTION]

Once developed, the site will consist of M lots with a lot size of approximately 1 acre
each, and a cul-de-sac that is approximately 700’ long. Access to all but two of the lots
will be from Miller Avenue. The other two lots will be accessed from Alexander Drive.

The proposed development does not alter the existing drainage pattern of the site and any
offsite runoff with the following exceptions: The existing concrete channel along the
Miller Avenue frontage is to be demolished and replaced with a continuation of the
existing 30" RCP storm drain all the way to the existing 24” culverts under Miller
Avenue. A large storm water vault is to be constructed to accommodate this system with
3 additional 18 culverts being constructed adjacent to the 4 existing ones. A 16’ B-1
Curb Inlet top is to be attached to the top of said vault. Also, the existing brow ditch
along the southerly side of the adjacent 9-lot subdivision is to be diverted into a modified
(to accommodate larger flows and a 30 pipe) type F catch basin. From there, a second
30” RCP pipe is runs parallel and easterly of the other 30” pipe but outside of the right-
of-way. This diversionary pipe picks up a large portion of the existing flows from
easterly of the 9-lot subdivision and diverts them to the storm vault. This 2 pipe system
allows for the limited cover and fall demanded by the existing condition while limiting
the amount of surface flooding on the public streets (both existing and proposed).

The 3 additional 24” RCP storm drains proposed for carrying all of the on-site flows off-
site will actually decrease off-site erosion problems. The existing conditions are under
sized and allow for some over-topping and flooding across Miller Avenue. This causes
some shoulder erosion as well as higher velocity flow-rates as floodwater exits the pipes.
The proposed additional culverts will disperse the water over a wider area as well as
decreasing the overall velocity of storm-water exiting the system.

This design will also contain the majority of the 100 year flooding completely
underground within the public right-of-way. The Miller Avenue northbound lane will
have approximately 13’ of dry lane from the center of street. Approximately 7 feet along
the edge of the curb line will see approximately 0.1” of flooding near the low point of the
street. This is a much improved condition over the amount of overtopping and flooding
currently possible in a 100-year storm event.



l STUDY METHOD|

In accordance with the County of San Diego Flood Control Department’s Design and
Procedures Manual and the County of San Diego Department of Public Works
Improvement Standards, rational method hydrology was used to estimate run-off
quantities for 100-year design storm. Soil characteristics were determined to be Type
“D”. Runoff coefficient “C” factors were based on table 3-1 from the County approved
hydrology manual (see appendix A). Basin areas are shown on the pre- and post-
development hydrology maps in the pockets at the back of this report.

Rainfall intensities were estimated from Figure 3-1 “Intensity — Duration Design Chart —
Template” of the approved County hydrology. Times of concentration for each
individual basin were estimated using Figure 3-3 “Rational Formula — overland Time of
Flow Nomograph”. The Maximum overland flow length (Lm)and Initial time of
concentration (T;) Table 3-2 was used to limit these values to a more conservative
estimate based on county adopted standards (see approved hydrology manual). Travel
time was estimated using the new average flow — velocities iterative solution recently
adopted (see Approved Hydrology Manual). These figures were taken from the County
of San Diego approved Hydrology Manual and can be found in Appendix A (charts and

graphs).

Some of the approved hydraulics routing methodology was abandoned due to the unusual
nature of the site. There is one inlet control culvert situations existing in the upper portion
of the system being analyzed. The existing 24” under Hamilton Lane will only allow
approx. 18 cfs to pass. The remaining storm-water runoff overflows out into the street
where it meanders diagonally across the intersection with Miller Avenue and onto the
westerly property across the street. The pipe restriction and limited flow invalidates both
the dependent and independent watershed junction analyses assumptions. For this reason,
hydraulic analysis of the underground system was performed using a straight arithmetic
summation of flows rather than the adopted routing methodology. The amount of
reduction in estimated flows due to pipe-routing is estimated to have been minimal and
less conservative.



5 ON-SITE RECOMMENDATIONS

The storm drain system depicted in the spread sheet model and shown on the drainage
study is sized and located to contain the floodwaters of a 100-year storm. These
floodwaters are expected to be within the confines of the proposed drainage facility. The
Tentative Map plans submitted under the design contract have been prepared to
accurately follow the model presented with this report.

Catch basins located in the sump areas are sized to pick up the entire 100-year storm
flows.

Development of this project has no adverse effects on upstream and/or downstream
properties.

The finished floor of the houses adjacent to the sump areas have been elevated above the
100-year water surface elevation.

LIMITATIONS:

The natural and man-made drainage characteristics present on and off the site are subject
to change, either by deliberate or accidental works of man or by natural occurrences. The
modeling techniques used in the preparation of this report are based upon sound
engineering practices and current technological tools. However, these are subject to
change due to advances in knowledge. The agencies involved in the approval,
acceptance, and maintenance of proposed improvements are continuously revising their
standards to conform to the advances in the field.
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BASIN El TRAVEL TIME - ITERATIVE SOLUTION

NODES: 20 - 19

FIRST ITERATION: ASSUME g=| 2.5 |CFS/ACRE
Qavey=  9.1+(2.5 CFS/ACRE*4.32 ACRE)/2= 14.5 |CFS
Lt= 150 |FT C=] 041
Save® 0.01 [FT/FT A=| 4.32 |Acres
Viavey™ 6 FPS P6=f 3.1 |[in.
T, = Lt*(V(avg) *(1min./60sec) = 0.4 |min.
Tc=TotTt=5.9 +0.4= min.

ligo =7.44 * P6 * Tc"(-0.645)= 7.02 [lin./hr
Qig = [EC*All100= 21.1 |CFS
‘ CHECK: Qv =9.1+(21.1-9.1)/2 = 15.09 |notequal 14.50

SECOND ITERATION: ASSUME g=| 4.9 |CFS/ACRE
Quave  9.14(4.9 CFS/ACRE*4.32 ACRE)/2= 15.09 |CFS
Lt= 150 |[FT C=| 041
Scavey™ 0.01 |[FT/FT A=| 2.37 |Acres
Viavey® 6.2 |FPS P6=| 3.1 [in.
T, = Lt*(V(avg))*(1min./60sec) = 0.4 |min.
Tc =To+Tt=5.9 + 0.4 = min.

Lo = 7.44. *P6 * Tc(-0.645)= 7.03 |[in./hr
. Qo = [EC*A]L1g0= 21.1 |CFS
CHECK: Qvg) = 9.1+(21.1-9.1)/2 = 15.11 lapprox.  15.09 ok

drainage-rep2.xls: HYDROLOGY

10F 1

HOMELAND ESTATES



EASIN E)
NODE a0-19

tmp#20.txt
channel calculator

Given Input Data:
Shape

solving for ........civiiiannn, Depth of w
Flowrate .....c.ccivervenscnenvanss 5.0900 cfs v C:;D
STOPE tveiirrenanaiarn i 0.0 t ”‘/ﬁ

MaNNINg's N o.oeeiieiennvonneenans 0.0130
Height .....ciiiiiiiiiieniariannns 19.2000 1in
Bottom width ............. ...t 1.0000 in
Left radius ......ccviiriinnnnnnes 19.2000 in
Right radius .........cvvvvnnen. 19.2000 1in
Left sTope ...oviiiriniiennnnann.

Right slope ......c.ivieviunan..

Computed Results: —
57=1 22 o 1 U ~12.9455 in -
VelOCTLY wvvevneirensoennannnness 6.176
Full Flowrate .......cecevennnnss 41.3694 cfs
FIOW aQrea ......ceccveennnnananns 2.4433 ft2
Flow perimeter .........coeeeeun.s 73.8234 1in
Hydraulic radius ..........ccn 4.7659 1in
Top width ... . iiiiiiiiiiinenann 39.3993 1in
- =Y 4.1546 ft2
Perimeter .......ovenccevuescenans 61.3184 1in
Percent full ... ... .o 67.4244 %

critical 1nformation
Critical depth .........covaa... 14.4452 1in
Critical slope .....cvveveeennn.. 0.0056 ft/ft
‘ Critical velocity .....cvvvuunn.n 5.2880 fps
Critical area ........cciviuvnnnen 2.8536 ft2
Critical perimeter .............. 70.8240 1in
Critical hydraulic radius ....... 5.8020 1in
Critical top width .............. 39.3995 1in
Specific energy ........cccaean... 1.6716 ft
Minimum energy .....oeecsereeenas 1.8056 ft
Froude number ......... ... ... 1.2622
Flow condition ...........cueune. Supercritical

Page 1

100000.0000 ft/ft (v/H)
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Ear then S slo Be <. EB

tmp#22.txt

‘ Channel calculator

Given Input Data:

Shape .....vveevertennnsnnnonenans Trapezoidal
solving for ......ciiiiiiinnenn. Depth of Flow
FIlOWrate ....iveeennnnnnncannnnans 18.4000 cfs
L o o - 0.1000 ft/ft
Manning's N ... il ii i 0.0200
Height ......iiin i iiiiieennnss 18.0000 1in
Bottom width ................. ... 2.0000 1in
Left sTope ...vvvvvinernnennnn. 0.5000 ft/ft (V/H)
Right sTope ... i iiiniininnns 0.5000 ft/ft (v/H)
Computed Results:
Depth ... ..ttt ittt aannans 9.8260 1in
VETOCTEY tvvrivmnnnnneronessnanns 12.4539 fps
Full Flowrate ..........c..ccunu.. B87.2238 cfs
FIOW @@ v.vcuvnveoncacnnsencennnns 1.4775 ft2
Flow perimeter ..........ccvunan. 45.9433 1in
Hydraulic radius ................ 4.6308 1in
Top width ...... .ot 41.3041 in
ATCA . ivinrnncnsnnsnceeanensnnnes 4.7500 ft2
Perimeter ......uecececcncnnaeans 82.4984 1in
Percent full ..........ccvieennnnn 54.5890 %
Critical Information
Critical depth .................. 16.2353 1in
Critical slope .....iveennrnrenns 0.0076 ft/ft
Critical velocity ............... 4.7345 fps
Critical area ........vicevevnnnn 3.8864 ft2
. Critical perimeter .............. 74 .6066 in
Critical hydraulic radius ....... 7.5012 in
Critical top width .............. 66.9413 1in
Specific energy .........cvceeen. 3.2291 ft
Minimum energy ........eeecveenan 2.0294 ft
Froude number ................... 3.3512
Flow condition .................. Supercritical
- i
}.\ " /
/“}* = / [ 00 / ] ! / :
( - — = /e 6 .
| IDS FFs r §0 ~ -
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Channel cCalculator

Given Input Data:

tmp#21.txt

Shape ...t it Advanced
solving for .............ciun.. Depth of Flow
FlOWrate . ..iivriieenneeennnennnas 25.5800 cfs
13 oY o 1= J 0.1600 ft/ft
Manning's N ... . iiiiie i, 0.0130
Height ... .ottt 19.2000 1in
Bottom width .................... 12.0000 1in
teft radius ......ciiiiinnnn. 12.0000 1in
Right radius .................... 12.0000 1in
Left sTope ... viiiiriiiinnnn. 100000.0000 ft/ft (v/H)
Right sTope ... ninnnnnn. 10000.0000 fr/ft (v/H)
Computed ﬁesu1ts: , o_\éMW\\
Depth ... ittt it iernenens ~.0746--9n-
vVelocity ..vivniiinniiiin i, G ‘25
Full Flowrate ......c..iveueunnnn 174.8340 cfs
FIOW Qrea ....c.oeeeneenennnnnnnn 1.3395 ft2
Flow perimeter .................. 59.5472 -in
Hydraulic radius ................ 3.2392 1in
Top width ... .. ... 35.9995 dn
Y o - - 4.3708 ft2
PErimeLer ... vieerenrnennnanans 64.0991 1in
Percent full ...............c.... 36.8471 %
Critical Information
Critical depth ..............cv... 17.4639 1n
Critical slope ....vvviinvinnnnn. 0.0045 ft/ft
. Critical veloCity ......cvinnennn 6.4977 fps
Critical area .......oveeueeneennn 3.9368 ft2
Critical perimeter .............. 60.6269 1in
Critical hydraulic radius ....... 9.3506 1in
Critical top width .............. 36.0006 1in
Specific energy .......oeviuee... 6.2572 ft
MIinimum energy ........oeeeennen. 2.1830 ft
Froude number .............c..... 5.0386
Flow condition .................. Supercritical

Page 1
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BASIN E6 TRAVEL TIME - ITERATIVE SOLUTION
NODES: 19 - 13
.FIRST ITERATION: ASSUME g=| 2.5 |[CFS/ACRE
Quave™  21.1+(2.5 CFS/ACRE*3.65 ACRE)/2= 25.67 |CFS
Lt= 600 [FT C=| 041
Save™ 0.16 |FT/FT A=| 3.65 |Acres
Vave™ 19.1 |FPS P6=] 3.1 |[in.
T, = 600™*(1/V (a))*(1min./60sec) = 0.5 |min.
Te=TotTt=63+0.5= min.
Iigo=7.44 * P6 * TcN(-0.645)=| 6.68 lin./hr
Qi3 =[EC*AJl 0= 30.1 |CFS
.CHECK: Quave =21.1+(30.1-21.1)12 = 25.58 |[notequal 25.67

SECOND ITERATION: ASSUME g=| 246 |CFS/ACRE
Quve  21.1+(2.46 CFS/ACRE*3.65 ACRE)/2= 25.58 |CFS
Lt= 600 |FT C=| 041
Savey™ 0.16 |FT/FT A=| 3.65 |]Acres
Vavey™ 19.1 |FPS P6=[ 3.1 |in.
Ty = 600™*(1/V (ayg))* (1min./60sec) = 0.5 |min.
Tc=To+Tt=6.3+0.5= [[68 ]min.

Ligo=7.44 * P6 * Tc(-0.645)=| 6.68 |in./hr

Qi3 = [EC*A]lL 0= 30.1 |CFS

CHECK: Qavg) =21.1+(30.1-21.1)12 = 25.58 |approx. 25.58

drainage-rep2.xls: HYDROLOGY 10F 1 HOMELAND ESTATES



Tyee D TERRACE DITCH (¢ 1%
' - a
8045//7/ # )L/ODE = {cmp#B.txta\
Channel cCalculator

Given Input Data:

Shape .....iiiiiiiiiiii e Advanced
Solving for ........coiiiiinan.. Depth Flow
Flowrate ........ciieiinunennnnas . 3000 cfs
STope i i et i e e .0100 tt/ft
Manning's N .......ciiieiiannan.. 0.0130
Height . ..... . iiinrenernnenans 12.0000 1in
Bottom width .................... 12.0000 1in
Left radius ....ccvriiniinnnnnnnn 12.0000 1in
Right radius .........icviennnnn. 12.0000 1in
Left slope ......c.iiiiininnnnnn. 100000.0000 ft/ft (V/H)
Right sTope ...t innnnnnnns 10000.0000 fr/ft (V/H)
Computed gesu]ts: ’Sﬂé;I\"'“ '
Depth ...ttt iinnnsnannnnsa 18.31 -
VEIOCTEY tvviiiiininranenncnnnnns <§I‘tﬁé%%p§‘\*”“ v
Full Flowrate .......oeceeenenenn 21.383%4 cts
FIOW @Qrea .....cvevnnnennencennnn 1.6487 ft2
Flow perimeter ...........ccucuun 57.0732 1in
Hydraulic radius ................ 4.1598 1in
Top width ... ... it 35.9996 1in
ATBA .t i ivnenncncasnsnnnnnnnnss 2.5708 fr2
Perimeter .........ccinieennnnenns 49.6990 1in
Percent full .............cc..... 69.2637 %
Critical Information
Critical depth .........civivnnnn 9.7383 1in
Critical slope ....oiinrvinnnennn 0.0049 ft/ft
. Critical velocity ............... 4.6376 fps
Critical area .........cvenunnnnn 2.0054 fr2
Critical perimeter ........cvvun. 54.2200 1in
Critical hydraulic radius ....... 5.3259 1in
Critical top width .............. 35.9998 1in
Specific energy ..........iivun.. 1.1871 ft
MInimum energy .......ceveeeennen 1.2173 ft
Froude number ................... 1.3414
Flow condition ..........cccvuvunn supercritical C7£f

/ | = /’?"’I/"’)

o
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Given Input D

tmp#19. txt
channel calculator

ata:

Shape ...cciiniinneriennannnasens Trapezoidal
solving for ......cevieininnnnnn. Depth of Flow
Flowrate ...veivnrceneenescnneean 8.1000 cfs
1S3 Y oL 0.1000 ftr/ft
Manning's N ...oiieeieiiinenanaan, 0.0200
12 L= 1 |1 12.0000 1in
Bottom width .......... ... ..o .. 2.0000 1in
Left sTope ...iiievniiiiennnnnnn. 0.5000 ft/ft (V/H)
Right sTope ......coiiiiinnnnnn... 0.5000 ft/ft (V/H)
Computed Results:
Depth ... ittt iiieinennrrens 7.0971 in
VElOCTLY «evevneennnnennnnnanians . S
Full Flowrate .....c.ccvevennnnnns 30.6459 cfs
FIOW Qrea ....cceienesrenncncnenss 0.7981 ft2
Flow perimeter ........ceceumueen 33.7393 1in
Hydraulic radius .........c.uan.. 3.4065 1in
Top width ..., 30.3885 1in
N o= T Y 2.1667 ft2
Perimeter .........-... P 55.6656 1in
Percent Tull ........ciieiinnns 59.1426 %
critical Information
Critical depth ........ ..ot 11.5591 1in
Critical slope .. .vvevrvnecnnnnn. 0.0085 ft/ft
Critical velocity .....covveuennn. 4.0173 fps
Critical area .....cvvceeenennnas 2.0163 ft2
critical ﬁerimeter .............. 53.6941 1in
Critical hydraulic radius ....... 5.4074 1in
Critical top width .............. 48.2366 1in
specific energy ........ccouina.. 2.1920 ft
MINIMUM @Nergy .....eeavescennnns 1.4449 ft
Froude number .........ceveueeun.. 3.1870
Flow condition .........ccvevvenn Supercritical
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Given: Q=10 .5=25%

Chart gives: Depth = 0.4, Velocity = 4.4 f.p.s. R .
T j‘ = 0 2 m .N

SOURCE: San Diego County Department of Special District Services Design Manual
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BASIN

FIRST ITERATION: ASSUME

L TRAVEL TIME - ITERATIVE SOLUTION

NODEER H - 17
q= CFS/ACRE
Quve= 27.5+2.5 CFS/ACRE*3.50 ACRE)2= [ 319 |CFS

Lt= 200 JFT c=[ 041
Save™ | 006 [FT/FT A= 350 |Acres
Vavee | 118 |FPS P6=| 3.1 |in.

T, =200"*(1/11.8FPS)*(1min./60sec) = min.

Te=Toy#Ty=58+03= [ 61 |min.
Tip0="7.44 * P6 * Tc™(-0.645) in./hr

QA=[ZC*Alljo+18.0= 38.7 |CFS

CHECK:  Quvp=27.5+(38827.5)2= [ 33.10 ]notequal 31.88
SECOND ITERATION: ASSUME o=[ 83 |cFs/ACRE
Quve= 27.5+8.3 CFS/ACRE*3.5 ACRE)2= CFS
Li= 200 |FT c=[ oa1
Save™ 0.06 |FI/FT A=} 3.50 |Acres
Vave™ 11.9 [FPS P6=] 31 |in
T,=200*(1/11.9 FPS)* (Imin./60sec) = min.
Te=To+Ty=58+03= [ 61 |min.
loo=744 * P6* Ter(-0.645) [ 7.18 Jinshr
Qu= [EC*Alligo+18.0= 387 |CFS
CHECK:  Quvg=27.5+(38.7-27.5)2 = not equal 33.10
THIRD ITERATION: ASSUME g=[__78 |CFS/ACRE
Quvo=  27.5+(7.8 CFS/ACRE*3.5 ACRE)2= CFS
Lt= 200 |FT c=[ oa1
Sava= | 006 |FT/FT A=| 257 |Acres
Vave® | 115 |FPS P6=| 31 [in.
T, = 200"*(1/130 FPS)*(1min /60sec) = min.
Te=TotTy=58+03= [ _ 61 |min.
loo =744 * P6 * TeN-0.645) 722 Jin/hr
Qa = [EC*AJlig0,18.0= 388 |CFS
CHECK:  Quvey=27.5+(38.8-27.5)2= [ 28.70 |approx.  28.65 ok

drainage-rep2.xis: HYDROLOGY 10F 1

MCNEIL RANCH
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tmp#1.txt

‘ channel calculator

Given Input Data:

Shape .vuiieirnneeerennennennnnns Trapezoidal
solving for ...coevviiiiant, Depth of Flow
FloWrate ....oeccenrevennnrnnsnns 28.6500 cfs

STOPE wvveeerrnannnennnnssaasans 0.0600 ft/ft
MannNing s N ..eeeeeeninenncnnens 0.0200

R L= 1+ 11 48.0000 in

Bottom width ........ ..., 2.0000 -in

Left sTope .vvvnnnrnnnnnnann 0.5000 ft/ft (V/H)
Right sTope ...oeemvnnnieennnane. 0.5000 fr/ft (V/H)

Computed Results:

Depth vvviinirnrnernnacnnasnennans 1 i
VElOCTLY cvvinvrnnnnnnncnnnsannns 1.4825 fps
Full Flowrate .......ivevmennnnnn J4 €Ts

FIOW Qrea ...cvveeennsnsnnncanaas 2.4951 ft2
Flow perimeter .................. 59.7469 1in
Hydraulic radius ................ 6.0136 in
Top width ...ovvieniiiiieaannann. 53.6504 1in
ATEA ovvevennoensoasassnssnsnnnas 32.6667 ft2
PErimeLer ...ecceveercvsnssansane 216.6625 1in
Percent full ................ ee.. 26.9013 %
critical Information
Critical depth ........ccevana... 19.4750 1in
Critical slope .....vvinenrennnnn 0.0072 fr/ft
Critical velocity .......c.cuvnen. 5.1731 fps
Critical area .......ccveeevnann. 5.5382 ft2
' Critical perimeter .............. 89.0950 1in
Critical hydraulic radius ....... 8.9512 1in
Critical top width .............. 79.9001 1in
specific energy .........c-cveuese 3.1250 ft
Minimum energy ......cevensnssons 2.4344 fx
Froude number ............cocvn.n 2.7098
Flow condition ........c.cevuennn Supercritical

T = ROO{ / //W)*'v —_ 0;7 p
(/-57/’5/‘505’“ ] e
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Given: Q=10 S$=25%

Chart gives: Depth = 0.4, Velocity = 4.4 f.p.s.
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Gutter and Roadway Discharge - Velocity Chart

FIGURE

3-6




@ OFFSITE 1Y DROLOGF Y

/) ‘ - s e
( 7 [ 4 5 T E X/ </ /M -

FONDITIONS

SEE E#SIH MAP S



180

DL/” IZCF §D, - AE({},;,?

os ]

CHART 1B

[ 168 8,000 EXAMPLE (3)
L. 158 :_: 6,000 z:::oi:c':n (3.5 fest) [ 5. .
| 144 - 8,000 -~ 8.
H |- 4,000 HY®  HW - 6. i - 8.
- 132 3 . b tent o 4 -
- 3 5,000 m 2.8 (1Y ks o — 4.
- 120 E 4 000 e 14 f E i
3 £ 4, -
o8 E & ™ 2.2 7 e s F
L 2 D in fon? - ; m3. ,
F [ s b
- 96 L 1,000 - T N
] - 800 - B -
L - Al
o4 | s00 - 2.————-_—_2_
- - 500 . - A
- ~ 8le }
- 72 [~ 400 ~ R 1
o ! o i - i :
x| - 300 o st —Le s
z of ol "
- 60 o b 200 w18 '\\L)
z E - = L\
- zE 7 Wi r\/ w
Bl sa > ! - L/ fL,
ar P - :
E | we ~w [ 100 g | K D
> ~~ &80 x i
E’; e o - =T
3 —/‘2 5 - 60 & - 1.0 1.0
uw 0 I-80 Hw ENTRANGE o R
o - SCA o -0 =
L 0 40 1] TYPE - s
w 3 - . -
v |- 36 G:; \%4 - 30 [1}) Squars sdge with : 2
g s o headwoll z - .9 =
a3 (ﬁ - . <| -
o (o] @) Groove and with w
= 30 3 headwall T . — .8 - 8
* - 27 .10 |
- Sy J -
24 — 8 N -
;‘ 6 Yo wsa scole (2) er (3) project o B
Y |~ 8 horizontelly to scale (1), then -
» a wss stralght Inclined tine through
D and Q scales, or reverse ss — .6
[_ 3 iftusteated, .6 — -6
-~ 18 F
- 2 ! - .
- 15 3
: . s L,
- 1.0 :
iz HEADWATER DEPTH FOR

CONGCRETE PIPE CULVERTS
WITH INLET CONTROL

HEADWATER SCALES 283
REVISED MAY 1964

BUREAU OF PUBLIC ROADS JAN. 1963

225



BASIN OS1 TRAVEL TIME - ITERATIVE SOLUTION

FIRST ITERATION: ASSUME g=| 2.5 |CFS/ACRE
Quve=  574+(2.5 CFS/ACRE*2.91 ACRE)/2= 61.0 |CFS
Lt= 300 |FT C=| 0.41
S( AVG) 0.047 |FT/FT A= 2.91 Acres
V(AVG)= 12.7 FPS P6= 3.1 in.
T, = 300'*(1/12.7FPS)*(1min./60sec) = 0.4 |min.
Te=To+Tc=5.8+04= min.

T00 = 744 * P6 * TcN-0.645)=[ 7.12 in./hr
QB = [ZC*A]IWOZ 59.7 CFS
.CHECK: Qavg) = 57.4+(59.7-57.4)/2 = 58.56 |notequal 61.04

SECOND ITERATION: ASSUME g=| 0.8 |CFS/ACRE
Quvey™ 18.6+(3.7 CFS/ACRE*2.57 ACRE)/2= 58.56 |CFS
Lt= 300 |FT C=| 041
S(AVG)= 0.047 |FT/FT A= 2.91 Acres
Vavar 12.5 |FpS P6=| 31 |in

2.5
T, = 300*(1/127FPS)*(1min./60sec) = 04 |min.
5.8+0.4 -
Tc = Fe+Fe =52 +62 = | 6.2 |min.
Iigo = 7.44 * P6 * TcN(-0.645)=| 7.12 |in/hr
Qi = [ZC*AJl g0 = 59.7 |CFS
® =’
CHECK: Quvg) = 9-3+(18.0-9.3)12 = 58.54 |approx. 58.56 ok
drainage-rep2.xls: HYDROLOGY 10F 1 W
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tmp#3.txt

‘ Channel calculator

Given Input Data:

Shape .....oviiecnenneaneasnannns Trapezoidal
solving for .....oiiiiiiaiaannn Depth of Flow
FIOWrate ..vveveeeonnsnanncennens 58.5600 cfs
STOPE «iiiiriiiii it 0.0470 fr/ft
MannNing's N ...vneerneienannnnens 0.0200
Height . ..vviineininnennnancsnns 30.0000 1in
Bottom width ...... ... 12.0000 1in
Left sTope . .vcinnineiannanannnn 0.5000 ft/ft (V/H)
Right sTope .....cieicvannninnn 0.5000 ft/ft (V/H)
Computed Results:
(Y=Y o3 o 1 P e 15.5856 1in
VElOCTLY vvernnnnnnnnnnnananases 12.5327 fps
Full Flowrate ........ceeesenen=s 277.5984 cfs
FIOW @rea ...oveevecerasccnananns 4.6726 ft2
Flow perimeter .........ccouvuenn 81.7011 1in
Hydraulic radius ................ 8.2355 1in
Top width ..., 74.3425 1in
ATEA v evnennrenecssnnconasnssnsen 15.0000 ft2
Perimeter .....cceeeeecrasancanns 146.1641 in
Percent full ... ..o 51.9521 %
critical Information
Critical depth .....ccvvevuiann. 23.7797 in
Critical slope ....vovveeveeennnn 0.0064 ft/ft
Critical velocity ......cvevvennn 5.9540 fps
Critical area ......covvceuvnaane 9.8354 ft2
Critical ﬁerimeter .............. 118.3460 in
Critical hydraulic radius ....... 11.9675 1in
Critical top width .............. 107.1187 1in
Specific energy ............veens 3.7397 ft
MIinimum energy ........cseeeuoasas 2.9725 ft
Froude number ............ccc . 2.5441
Flow condition ......c.ovavuneennn Supercritical

pPage 1
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Farth Swale

- Bas/a o2

tmp#l.txt

channel calculator

Given Input Data:

Shape ... viiiernreneernnonnaannns Trapezoidal
solving for .......cciviiiaiaann Depth of Flow
Flowrate .....cceevriencunrnennens 30.6000 cfs
STOPe t.iriirii it 0.0700 fr/ft
MannNing's N ..o.veeievennnrenaanss 0.0200
Height .. criiiniiniriinaneanannn 60.0000 in
Bottom width ..........cciunenn. 12.0000 in
Left sTOpe ..ivvvnnrorinannennnns 0.2500 ft/ft (v/H)
Right sTope ......ovevivninnanans 0.2500 ft/ft (V/H)
computed Results:
Depth ... ., 8.7202 1in
VElOCTEY vt nnnnroronnensaanns 10.7786 fps
Full Flowrate ......ccvvvunnnnnnn B8 1925 CtTs
FIOW @rea@ ..cueeecncnsecnnessnnnss 2.8390 ftr2 -
Flow perimeter .........ccoveensn 83.9088 1in
Hydraulic radius ......cvevenenn 4.8721 1in
Top width ..., 81.7617 in
ATCA & iereernernnsanssssnsannenns 105.0000 ft2
Perimeter ......ceeeseeeseonnenen 506.7727 1in
percent full ........ ... i, 14.5337 %
critical Information
Critical depth ........... ..ot 14.1230 1in
Critical slope ....ccvvvevninnnnn 0.0070 ft/ft
Critical velocity .....ciivennnn. 4.5553 fps
Critical area .......cevveeennnnn 6.7174 ft2
Critical perimeter .............. 128.4611 1in
critical hydraulic radius ....... 7.5300 1in
Critical top width .............. 124.9839 1in
Specific energy .......coeeeeennn 2.5321 ft
Minimum energy ........cevuven-ns 1.7654 ft
Froude number ..........coviannn. 2.9438
Flow condition .....ceieenencnnns supercritical
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BASIN 0S3 TRAVEL TIME - ITERATIVE SOLUTION
.RST ITERATION: ASSUME g=| 2.5 |CFS/ACRE
Quve=  18.6+(2.5 CFS/ACRE*2.57 ACRE)/2= 21.8 |CFS
Lt= 200 [FT C=[ 041
SV~ 0.06 [FT/FT A=| 257 |Acres
V(AVG)= 15.9 FPS P6= 3.1 in.
T, = 200"*(1/15.9FPS)*(1min./60sec) = 0.2 |min.
Te=TotTe=52+02= min.
Lo = 7.44 * P6 * TcN(-0.645)=| 7.81 |in/hr
Qse= [EC*All 00= 282 |CFS
1
‘IECK: Qaveg) = 18.6+(28.2-1 8.6)12 = 23.42 |notequal 21.81
SECOND ITERATION: ASSUME q=| 3.7 |CFS/ACRE
Quve=  18.6+(3.7 CFS/ACRE*2.57 ACRE)/2= 23.42 |CFS
Lt= 200 |FT C=| 041
S(AVG)= 0.06 FT/FT A= 2.57 Acres
V(AVG)= 16.2 FPS P6= 3.1 in.
T, = 200*(1/16.2 FPS)*(1min./60sec) = 0.2 |min.
Te=To+Tec=52+02= [ 5.4 |min.
Lo = 7.44 * P6 * TcN(-0.645)=| 7.81 |in./hr
Q.}g: [ZC*A]IIOO: 28.2 CFS
Q. .
TECK:  Quvay = 9-3+(18.0-9.3)/2= 23.42 |approx. 2342 ok
drainage-rep2.xls: HYDROLOGY 10F 1 .
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tmp

. Channel cCalculator

Given Input Data:
Shape ....iiiisereecninnnnnnnanes
solving for .......... it
Flowrate .....ciceveeenrurnnannne
slope c..veiiinrnan. e e e raeen.
Manning's N o.eeeienennncnenenes
Height ....ciiiiiiniiiiiinnnnnn,
Bottom width .............. ... ...
Left slope ...vviiiiieri i annnnn
Right sTope .....civiiiiinnnnnn

computed Results:
Depth ... it
AVZ=3 1 Yok & o220
Full Flowrate ........cocvuuvunnnn
FIOW @rea ......vvencernnnassnnns
Flow perimeter .........c.cceuueae
Hydraulic radius ...........c.0ue
Top width ... ..ot
ATBA v ereerenneecanernaensnanss
Perimeter .......ceeeeicosonscnns
percent full ... ... iiinnnnnn.

Critical Information
Ccritical depth ......... ... ...
Critical slope ...ovvnnenennnnn.
Critical velocity ......ccccvunon.
Critical area .......cviviennunns
Critical perimeter ..............
Critical hydraulic radius .......
Critical top width ..............
Specific energy ........cceeeeen.
Minimum energy .......eeessoeuvens
Froude number ............. 0000
Flow condition ......c.ccvvueennns

— 4

#28.txt

Trapezoidal
Depth of Flow

0.0600 ft/ft
0.0130

24.0000 1in

12.0000 1in

1.0000 ftr/ft (v/H)
1.0000 ft/ft (V/H)

}.6101 1in
6.2392 fps

156.
1.4422 ft2
39.1814 1in
5.3003 1in
31.2202 in
6.0000 ft2
79.8823 1in
40.0420 %

[

19.1744 1in
0.0036 ft/ft
5.6419 fps
4.1511 ft2
66.2335 1in
9.0249 1in
50.3489 1in
4.8991 ft
2.3968 ft
3.8453
Supercritical

|l
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tmp#2.txt

‘ Channel Calculator

Given Input Data:

Shape ... vieirireiarnnneneannaennn Trapezoidal
solving for ......cccviivvininnnnn Depth of Flow
Flowrate .....cceiveenusnnnnnnnes 18.6000 cfs

L 1T o - 0.0320 ft/ft
Manning's N ...oiiniiiiiiiiiinnas 0.0200

Height ......iiiiiiienninnnnnnes 24.0000 1in

Bottom width ............... ..., 6.0000 1in

Left sTope ... vnr i nnnnnnns 0.2500 ft/ft (v/H)
Right sTope .......cciirennnnnn. 0.2500 fr/ft (v/H)

Computed Results:

Depth ...cvieirn it einieannnnanns 8.9787 1in
VEIOCTLY +vvvvvnrnninnnaeerennnns (7.1169 Tps
Full Flowrate ......ccemvceconnns 60178 cfs

FIOW @rea ....c.vuveennsrooecnnnens 2.6135 ft2
Flow perimeter ..........ccevueu- 80.0405 1in
Hydraulic radius ........c.cvunns 4.7019 1in
Top width .. ..., 77.8298 1in
8 o T 17.0000 fr2
Perimeter .............. mee e 203.9091 1in
Percent full ... ...... .. 37.4114 %
Critical Information
Critical depth ....... ... . ... 12.0076 1in
Critical slope ....cencvnnnnnnn 0.0075 ft/ft
Critical velocity .........ccvn.. 4.1284 fps
Critical area ......cviveincnncnn 4.5054 ft2
. Critical perimeter .............. 105.0173 1in
critical hydraulic radius ....... 6.1778 1in
Critical top width .............. 102.0609 1in
Specific energy .......eeveeennns 1.5354 ft
Minimum energy .....eeveeevensae- 1.5010 ft
Froude number .............cc0nn. 1.9766
Flow condition .........¢cc0vuunnn Supercritical

77: E§O/) / [ _
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® Iipe ) Browbirt, - “Bhsin 4"

mManning Pipe Calcu

Given Input Data:
Shape
solving for
Diameter
Flowrate
Slope
Manning's n

..........................
--------------------
-----------------------
.......................
--------------------------

--------------------

Computed Results:
Depth
Area
wetted Area
wetted Perimeter
Perimeter
velocity
Hydraulic Radius

-Percent Full
Full flow Flowrate
Full flow velocity

..........................
---------------------------
....................
...............

----------------------
.......................
---------------
...................
.............

-------------

Critical Informat
Critical depth ............ e
Critical
Critical
Critical
Critical
Critical

slope
velocity
area
perimeter
hydraulic radius
Critical top width
Specific energy
Minimum energy
Froude number

Flow condition

-------------

----------------

tmp#15. txt

lator

. Circular

. Depth of Flow
. 24.0000 1in

. 20.5000 cfs

. 0.0100 ft/ft
. 0.0130

. 17.9037 in
. 3.1416 T2
. 2.5135 ft2
. 50.0437 1in

. .3982 1in
. 7.23 n

. 74.5988 %
. 22.6224 cfs
. 7.2009 fps

ion
. 20.3783 1in

. 0 ft/ft
.( 6.9089 fps
. L9672 ft2

. 54,4557 1in

. 7.8463 1in

. 24.0000 1n

. 2.5144 ft

. 2.5473 ft

. 1.3041

. Supercritical

Page 1
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tmp#16.txt
’ Manning Pipe Calculator
Given Input bata:
Shape ....ciiiiiiiiiiniiiiiianans Circular
Solving for ...... .. ..vuviinna..n Depth of Flow
DIAMELer 4 i iie e i e tanansnacannnnns 24.0000 1in
Flowrate ........ciieetiinnnnnnans 1.9000 cfs
STOPE vievneeiineenr st 0.1000 ft/ft
Manning's N ... .. e 0.0130
Computed Results:
Y=Y o) o £ A 2.6919 1in
AFCA v+ evvincnnenssnnensssnnnnnss 3.1416 ft2
Wetted Area ........cerennennnnnn 0.1935 ft2
wetted Perimeter ................ 16.3923 in
Perimeter ... erninentannncasenn 75.3982 in
VeToCTLtY v viiviinsaiiiaaneannnns g D
Hydraulic Radius ................ 1.6995 1in
Percent Full ..........cciiinin... 11.2163 %
Full flow Flowrate .............. 71.5383 cfs
Full flow velocity .............. 22.7714 fps
Critical Information
Critical depth .................. 5.7355 1in
Critical slope ......cccuiienen.. 0.0045 fr/ft
Critical velocity ............... 3.2969 fps
Critical area ........cvieeeenenn 0.5763 ft2
Critical perimeter .............. 24.5174 1in
Critical hydraulic radius ....... 3.3848 1in
Critical top width .............. 20.4701 1in
‘ Specific energy ................. 1.7233 ft
Minimum energy ........coeeeeuennn 0.7169 ft
Froude number ................... 4.4227
Flow condition .................. Supercritical

- .6 rn

-

[,
(Oc¢
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tmp#17.txt
‘ Manning Pipe Calculator
Given Input Data:
Shape ......iiiiiiiiinncnnnennans Circular
Solving for .........ciiiiinin.n. Depth of Flow
Diameter .........iievvecennceann 24.0000 in
Flowrate ........cevueneencrnnnns 7.9000 cfs
L o] o 1< 0.0600 ft/ft
Manning's N ... .. in i it i 0.0130
Computed Results:
Depth ...... ..., 6.1223 1in
ATBA ..ttt erennenennnasasannnnes 3.1416 ft2
Wetted Area .........cicevnennnns 0.6319 ft2
wetted Perimeter ................ 25.4142 1in
Perimeter .........ccceerenreannns - 75.3982 1in
VeloCTitY v iiieeiieermennenn 12.5021 fps
Hydraulic Radius ......ccccnvvnn. . in
Percent Full .................... 25.5095 %
Full flow Flowrate .............. 55.4133 cfs
Full flow velocity .............. 17.6386 fps
Critical Information

Critical depth .............. ... 12.0030 1in
Critical sTope .....vvviennnan.. 0.0049 ft/ft
Critical velocity ......ccvvnnn.. 5.0277 fps
Critical area ......uvvunsennunnn 1.5713 ft2
Critical perimeter .............. 37.7052 1in
Critical hydraulic radius ....... 6.0010 1in
Critical top width .............. 24.0000 1in

. Specific energy ..........ccio... 2.9392 ft
Minimum €nergy .......ceeeeeuene. 1.5004 ft
Froude number ................... 3.6613
Flow condition .......cveevvnnnn. Supercritical

T“T: 600 I/ ( [ .4 . O 8ren
|2.5 FPS 60¢ec

Page 1
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SOURCE: San Diego County Department of Special District Services Design Manual
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EXAMPLE:
Given: Q=10 §=25%

Chart gives: Depth = 0.4, Velocity = 4.4 f.p.s.

3{) 4
2o A

Discharge (C.F.S.)

V4.8 FPS
7-7 - 293 r’”)r.h
o, tor= 7.2 CFs

Gutter and Roadway Discharge - Velocity Chart

FI1GURE

3-6
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tmp#18.txt

‘ Channel calculator

Given Input Data:

Shape ...ttt inaaann Trapezoidal
Solving for ...........ciia.... Depth of Flow
FIOWrate ..cirvrvnnernenernaneens 9.9000 cfs
£ o o - S 0.0600 ft/ft
Manning's n ........cciiiiinennn. 0.0200
Height ... ..iiiiiiiiiiriirnnennnn 13.0000 1in
Bottom width .................... 2.0000 1in
Left sTope .......ciiiiiirinnnnn. 0.5000 ft/ft (v/H)
Right slope ......cuiiniirennnnn. 0.5000 ft/ft (v/H)
Computed Results:
Depth .. ...ttt 8.5096 1in
VeloCTILY +viiiiii it i iieinenennnn 8.8084 S
Full Flowrate ......viiiinnerenn. ] cTs
Flow area ........cciviinnennnnnn 1.1239 fr2
Flow perimeter .................. 40.0560 1in
Hydrauldic radius ................ 4.0405 1in
Top width ...... ... i, 36.0383 1in
ATBA ..o iiiienonerannaaacnanenan 2.5278 ft2
Perimeter .......cevivieinnnernnnn 60.1378 1in
Percent full .................... 65.4583 %
Ccritical Information
Critical depth .................. 12.5650 1in
Critical slope ...t ivnnnn.. 0.0082 ft/ft
Critical velocity .......ovuunn.. 4.1820 fps
Critical area .......ccvvvvnennn. 2.3673 ft2
Critical Eerimeter .............. 58.1925 1in
Critical hydraulic radius ....... 5.8580 1in
Critical top width .............. 52.2601 1in
Specific energy ................. 1.9149 ft
Minimum energy ........ooeeceenn. 1.5706 ft
Froude number ................... 2.5385
Flow condition ............cc..... Supercritical
32 600" | g [ .
e al/\ : 12 /V]( /)

g Y7 60 ¢oc

. Page 1
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tmp#19. txt

Channel calculator

Given Input Data:
Shape
Solving for
Flowrate
Slope
Manning's n
Height
Bottom width
Left slope
Right slope

...........................
.....................
........................
---------------------------
---------------------
--------------------------
....................
----------------------

---------------------

Computed Results:

Trapezoidal

Depth of Flow
8.1000 cfs

0.1000 ft/ft
0.0200

12.0000 1in

2.0000 in

0.5000 fr/ft (v/H)
0.5000 fu/ft (v/H)

Degth ........................... 7.0971 1in
VEeloCTItY . oviineenneneennncncnna. CIQ-I‘§§ fgs >
Full F1gwrate ................... 30.6459 cfts
FIOW 8rea ....cvevvenennnnnanannn 0.7981 ft2
Flow perimeter .............c.u... 33.7393 in
Hydraulic radius ................ 3.4065 1in
Top width ... it 30.3885 in
- o= Y- L 2.1667 ft2
Perimeter ......c.ceessnsesnnsnnnn 55.6656 1in
Percent full .......c.civvnunn.. 59.1426 %
Critical Information
Critical depth .............c.... 11.5591 1in
Critical sTope .....cvveevennnnnnn 0.0085 ft/ft
Critical velocity ............... 4.0173 fps
Critical area .......cicvivvnenn. 2.0163 ft2
' Critical perimeter .............. 53.6941 1in
Critical hydraulic radius ....... 5.4074 1in
Critical top width .............. 48.2366 1in
Specific energy .......cccueuvnnn. 2.1920 ft
Minimum energy ........cevevceee.. 1.4449 ft
Froude number ................... 3.1870
Flow condition ........c.uvnuuunn Supercritical

/ /m/q

(0_} FPs [ cOsec

Page 1
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TYPE D TERRACE PiTCH (@ (7
Basir i NODE S- 2%

tmp#8. txt

. Channel Calculator

Given Input Data:

Shape .. ... iiiiiniinienenannanen Advanced
solving for ........ciiiiiiiint, Depth—of Flow
Flowrate ....vvvcevennnnocannnnns 9.3000 cfs
STOPE v cviiiiiiniia it 0. t/ft
Manning’'s N c..eeeeiererernanennns 0.0130
Height ....iviiieniniinennnnsnn 12.0000 1in
Bottom width ............ ... ..., 12.0000 in
Left radius .......cvierininnanns 12.0000 in
Right radius ..........cvvvennnn. 12.0000 1in
Left sTOpE c.vriiiiniiiiaiinnanns 100000.0000 ft/ft (V/H)
Right sTope ........iiiinvnnnnn. 10000.0000 ft/ft (v/H)
Computed Results: e -,
Depth .. civireiiiiiiinrenennonnns d 1164dn .-
VeloCTitY «vcviivinnrenrracnennnnns 5.6408 fps
Full Flowrate .........ccuurunnnnn 21.3834 cfs
FIOW Qrea@ ..-cvecenenrvenoseannnns 1.6487 ft2
Flow perimeter ............c.ceen. 57.0732 1in
Hydraulic radius ..........c.vn.. 4.1598 1in
Top width . ... it 35.9996 in
ATCA . iivvvnenacnonsonssnnananans 2.5708 ft2
Perimeter .......veeeeescnconannn 49.6990 1in
Percent Tull ...... .. iiinranns 69.2637 %
Critical Information ’
Critical depth .................. 9.7383 1in
Critical sTope ... iieeininennnn. 0.0049 fr/ft
. Critical velocity ....vvvennnnnns 4.6376 fps
Critical area ......c.vvenecensns 2.0054 ft2
Critical ﬁerimeter .............. 54.2200 1in
Critical hydraulic radius ....... 5.3259 1in
Critical top width .............. 35.9998 in
Specific energy ......cceevcuenns 1.1871 ft
MIinimum energy .....coeseenosesss 1.2173 ft
Froude number ...........c.couuna. 1.3414
Flow condition ......ccveevueenn. supercritical 6/(

_ 40! ,
[5- | ; 5 iy

page 1
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Channel Calculator

tmp#15.txt

Given Input Data:

Sh?pe gt Advaﬂceg ]
Solving for .......coviiiiiinn, Depth of Flow
FIOWrate ....ovevvnreenennnennenns 12.2800 cfs Y—" C? U5
L3 1o o - 0T t/ft
Manning’'s n ...l i e 0.0130
Height ........ciiiinmiinnennnnn. 19.2000 in
Bottom width .................... 1.0000 1in
Left radius .....ccevvvncnnennnnns 19.2000 1in
Right radius ........... ..ot 19.2000 in
Left sTope ...vveiiininnnnnnnnns 100000.0000 ftr/ft (v/H)
Right sTope ......cvviviniinnnn. 10000.0000 ft/ft (v/H)
Computed ﬁesu]ts: 82
(=103 o 1 T O A
VeloCity viinineiiiierinanananan 5.6 QS“F/S/"
Full Flowrate ......c.ciccvnunnann 94 cfs
FIOW Grea .....uceeeesrveccnnanns 2.1814 ft2
Flow perimeter .........coeuncon. 75.7380 1in
Hydraulic radius ................ 4.1474 1in
Top width ...... ..., 39.3992 1in
AFCA . vveenanenncncrscanannnnnens 4.1546 ftr2
Perimeter .......ccecerinnrvncnan. 61.3184 1in
Percent full ........... .. ..., 62.4384 %
Ccritical Information
Critical depth ......... ... ..., 13.1065 1in
Critical slope ......coovivooo... 0.0062 fr/ft
. Critical velocity .oowemnroonoin. 4.9370 fps
Critical area .....ccvivvennnnn.. 2.4873 ft2
Critical perimeter .............. 73.5014 1in
critical hydraulic radius ....... 4.8730 in
Critical top width .............. 39.3993 1in
Specific energy ....-voveieeean.. 1.4915 ft
Minimum energy ......eceeeeeeeann 1.6383 ft
Froude number ................... 1.2176
Flow condition .....cvevenennnn.. Supercritical @ /¢
—

o ¢ |co T
JPF
noD, 7Y PE D
Page 1 Tf/if&{ (f {?\),[7‘[’
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BASIN 1  TRAVEL TIME - ITERATIVE SOLUTION
NODES: 20 - 19
FIRST ITERATION: ASSUME g=[_2.5_|CFS/ACRE

Quve®  9.14(2.5 CFS/ACRE*2.37 ACRE)2=

Lt= 150 |FT c=[ o041
S(AVG)= 0.01 FT/FT A= 2.37 Acres
V(AVG)= 5.6 FPS P6= 3.1 in.
Ty = Lt* (Vg *(1min./60sec) = min.
Tc=To+Tt=5.9+0.4= [63 |min
Iigo = 7.44 * P6 * Tc(-0.645) = in./hr
Quo = [EC*A)lie0= 155 |cFs
CHECK: Quvey=91+(1559.02= [ 1238 |notequal 12.06
SECOND ITERATION: ASSUME a=[_26 |CFS/ACRE
Quve™  9.1+(2.6 CFS/ACRE*2.37 ACRE)/2= 12.38 |CFS
Lt= 150 |FT c=[ oai
S(AVG)= 0.01 FT/FT A= 2.37 Acres
Vavey® 57 |FPS P6=[ 31 [in.
T, = Lt* (Vi) * (1 min./60sec) = min
Tc=To+Tt=5.9+0.2 | 6.3 Imin
Ligo = 7.44 * P6 * Tc(-0.645) = in./hr
Qio= [EC*Ally0= 155 |crs
CHECK:  Quvg=9.1+(15.5-9.1)2 = 1228 |notequal 12.38
THIRD ITERATION: ASSUME g=| 252 |crs/acre
Quvo™  9.14(2.5 CFS/ACRE*2.37 ACRE)/2= 12.28 |CFs
Lt= 150 |FT c=[ o041
S(Avg)= 0.01 FT/FT A= 2.37 Acres
VoaveyE 56 |FPS P6=| 3.1 [in.
T, = Lt* (Vi) *(1min /60sec) = [ 04 Jmin.
Tc=To+Tt=5.9+0.2 [63 ]min.
Lgo = 7.44 * P6 * Tc(-0.645) = in./hr
Qi = [ZC*Alli0= [ 155 |crs
CHECK:  Quvg=9.1+(15.59.1)/2= 1228 |approx. 1228 ok

drainage-rep2.xis: HYDROLOGY

10F 1

HOMELAND ESTATES
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T
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Channel calculator

tmp#17.txt

Given Input Data:

Sh?pe e rtrir e Advazce%ﬁ
Solving for ....oiininiiiannn... Depth of FE
Flowrate ....cvveinnnnnnennnnnnns (20.0400 cfilt%.——— Q/.?;/C}
STOPE tii i iire ittt 0.1600 Tt/ ~/
Manning's N ....iceeencnennnnnnnnn 0.0130
Height .. ... . iiiinieiiiiennnn. 19.2000 1in
Bottom width .................... 12.0000 1in
Left radius ............ .ot 12.0000 1in
Right radius .................... 12.0000 in
Left sTope . ...vviiinrnnnennnnn. 100000.0000 fr/ft (V/H)
Right sTope ........ierviinunnn.. 10000.0000 ft/ft (v/H)
Computed Results:
DEPLR v ittt e 6.3872 in L7~
VelOCTLY tiiiiennnrennennnncnanns 17.1634 fps v
Full Flowrate .......cciviinnnn.. 174.8340 cfs
FIOW area ....vovvencncennneannns 1.1676 ft2
Flow perimeter ...........c.ccu... 60.9221 1in
Hydraulic radius ................ 2.7598 1in
Top width ..., . ... 35.9994 1in
N ol = R 4.3708 ft2
PErimeter .......ccueeeveenennnnan 64.0991 in
Percent full ........ ... .eu... 33.2665 %

Critical
Critical
Critical
Critical
Critical
Critical
Critical
Specific

Minimum energy
Froude number
Flow condition

Critical Information

depth .................. 15.0991 in
slope ....vreriiineenn.. 0.0043 ft/ft
velocity .....vuvoeean.. 5.9900 fps
Area . euiicurcnnneannanns 3.3456 ft2
perimeter .............. 55.8974 1in
hydraulic radius ....... 8.6187 1in
top width .............. 36.0003 1in
€Nergy «.cveeennnnanaans 5.1102 ft
.................. 1.8874 ft
................... 4.8502 /
.................. Supercritical @ /(-
609 | = g il

Page 1



BASIN J
NODES:

TRAVEL TIME - ITERATIVE SOLUTION

19 - 13

FIRST ITERATION: ASSUME  q~[ 25 |CFSIACRE

Quvam  15.5+(2.5 CFS/ACRE*3.65 ACREY2= [ 2006 |CFs
Lt= 600_JFT c=[ 041

S(AVG)= 0.16 FI/FT A= 3.65 Acres

V(AVG)= 18.7 FPS P6= 34 in.

T, = 600" (1/V{yg)* (1min./60sec) = min.

Te=TotTt=63+0.7= l 6.8 |min‘

Lo =7.44 * P6 * Tc~(-0.645)=| 6.68 |in/hr

Qi3 = [ZC*Allipp= [[247 Jcrs
CHECK: Quvg)=15.5+(24.7-15.5)/2 = 20.10 |notequal 20.06

SECOND ITERATION: ASSUME q=| 2.52 |CFS/ACRE
QuveE  15.5+(1.1 CFS/ACRE*3.65 ACRE)/2= CFS
Lt= 600_|FT c=[_ o041
S(AVG)= 0.16 FI/FT A= 3.65 Acres
V(AVG)= 17.2 FPS P6= 3.1 in.

T, = 600" (1/V g)* (1min./60sec) = [ 06 ]min
Te=TotTt=6.3+0.6= l 6.9 |min.

Lioo="7.44 * P6 * TcN(-0.645)=|  6.65 |in./hr

Qus = [EC*Allio= | 246 |CFs

CHECK: Quyg = 15.5+(24.6-15.5)/2 = 20.04 |notequal 20.10

THIRD ITERATION: ASSUME

a= CFS/ACRE
Qave”  15.5+(1.1 CFS/ACRE*3.65 ACRE)2= [ 2004 |CFs

Lt= 600 |FT C={ 041
S( AVG)= 0.16 FT/FT A= 3.65 Acres
v(AVG)= 17.2 FPS P6= 3.1 in.

T, = 600" (1/V{y)* (1min /60sec) = [ 06 min.
Te=To+Tt=63+0.6= l 6.9 lmin.

Ligo=7.44* P6 * TeN(-0.645)=| 6.65 lin./hr

Qi3 =[ZC*All = CFS

CHECK: Qv = 15.5+24.6-15.5)2 = 20.04 [approx. 20.04 ok

drainage-rep2.xis: HYDROLOGY 10F1

HOMELAND ESTATES
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Given: Q=10 S=25%
Chart gives: Depth = 0.4, Velocity = 4.4 f.p.s.

. s R
Ty=0s8 mo

SOURCE: San Diego County Department of Special District Services Design Manual

Gutter and Roadway Discharge - Velocity Chart 3 6




BASIN

FIRST ITERATION: ASSUME

L TRAVEL TIME - ITERATIVE SOLUTION

NODEER (,_( - 17
g=| 25 |cFs/acre
Quva=  27.5+(2.5 CFS/ACRE*3.50 ACRE)2= [ 319 |cFS

Lt= 200 JFT C=| 041
S(AVG)= 0.06 [FT/FT A= 3.50 JAcres
V(AVG)= 11.8 [FPS P6= 3.1 in.

T, = 200"(1/11.8FPS)*(1min./60sec) = min.

Lo =744 * P6 * Tc"(-0.645) in./hr
CFS

Te=To+Ty =58+03=

QA = {XC*A]I,M'HSO =

CHECK:  Quvg)=27.5+(38.827.5)2= [ 3310 |notequal 31.88
SECOND ITERATION: ASSUME a=[__83 |CFS/ACRE
Quve= 27.5+(83 CFS/ACRE*3.5ACRE)2= [ 33.10 |CFs
Lt= 200 |FT - c=[ 04l
Save™ 0.06 [FI/FT A=| 3.50 |[Acres
Vaver | 119 |FPS P6=| 3.1 [
T, = 200" (1/11.9 FPS)*(1min./60sec) = min.
Te=To#+Ty =58+03= [ 61 |min.
Loo=744* P6 * Te\-0.645) < 7.18_[in/hr
Qn = [ZC*All1g0.,18.0= [ 387 ]crs
CHECK:  Quvg=27.5+(38.7-27.5)2 = nol equal 33.10
THIRD ITERATION: ASSUME o=[__7.8_ |CFS/ACRE
Quvom  27.5+(1.8 CFS/ACRE*3.S ACRE)2= [ 2865 |CFS
Lt= 200 JFT c=[ o041
Sava= | 006 [FI/FT A=| 257 |Acres
Vave= | 115 |FPS Pe=[ 31 |
T, =200*(1/130 FPS)*(Imin./60sec)= [ 0.3 |min.
Te=To+Ty, =58+03= [ 61 |min
Loo =744 * P6 * Tc"(-0.645) 722 |inshr
Qa = [EC*Allio0..18.0= 388 |CFS
CHECK:  Quvgy=27.5+(38.827.5)2= [ 2870 |approx.  28.65 ok

drainage-rep2.xis: HYDROLOGY

10F 1

MCNEIL RANCH
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tmp#l.txt

‘ Channel calculator

Given Input Data:

Shape ......iiiiininineirennnnnss Trapezoidal
solving for .............iuvan.. Depth of Flow
Flowrate .......ovenencnnceannnns 28.6500 cfs

L3 o - 0.0600 ftr/ft
Manning's N ... 0.0200

Height ...... ... . ciiiiiinnannn 48.0000 1in

Bottom width .......... ... ...... 2.0000 1in

Left sTope .....vvininrnenrnnns 0.5000 ft/ft (v/H)
Right sTope ........iviinnvennn 0.5000 ft/ft (v/H)

Computed Results:

Degth ........................... 1 & %
V23 Kool 1 v /2 11.4825 fps
Full Flowrate ......veevenrneanas <:882*?4 cfs

FIOW Qread ......eeeereanrannonnns 2.4951 ft2
Flow perimeter ..........c0veue.- 59.7469 1in
Hydraulic radius ..........c..... 6.0136 1in
Top width ....... ... ... ... 53.6504 1in
AFBa v v i neinenvrennarocesannananas 32.6667 ft2
Perimeter ...........ciiiiennannn 216.6625 1in
Percent full ...... ... ... ..., 26.9013 %
Critical Information
Critical depth ............ ... ... 19.4750 1in
Critical slope ....ccvvivunenennn. 0.0072 ft/ft
Critical velocity ...........cn.. 5.1731 fps
Critical area ......ccevvevnnnnss 5.5382 ft2
. Critical perimeter .............. 89.0950 1in
Critical hydraulic radius ....... 8.9512 1in
Critical top width .............. 79.9001 1in
Specific energy .........coiunn. 3.1250 ft
Minimum energy ......c..eeneennee 2.4344 ft
Froude number ................... 2.7098
Flow condition ...........cucn... Supercritical

T = ROO/ / /ﬂ"v"v — O .
[/ 57/’57\50%( ] ~37/“),n
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| ] 5o |

2%

|<._.n= 015>

Concrete
Gutter

!

. 0175

RESIDENTIAL STREET
ONE SIDE ONLY

T\ ] 2%
iDepth Y Paved
0.13

EXAMPLE:
Given: Q=10 S$=25%
Chart gives: Depth = 0.4, Velocity = 4.4 f.p.s.

SOURCE: San Diego County Department of Special District Services Design Manual
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BASIN OS1  TRAVEL TIME - ITERATIVE SOLUTION
I FIRST ITERATION: ASSUME g=| 2.5 |CFS/ACRE
Quave™  57.4+(2.5 CFS/ACRE*2.91 ACRE)/2= 61.0 |CFS
Lt= 300 |FT C=| 041
Save™ 0.047 |FT/FT A= 291 [Acres
V(AVG): 12.7 FPS P6= 3.1 V in.
T, = 300"*(1/12.7FPS)*(1min./60sec) = 0.4 |min.
Te=To+Tc=58+04= min.
Ligo=7.44 * P6 * Tc(-0.645)=| 7.12 lin/hr _
QB = [ZC*A]I]OO = 59.7 CFS
‘CHECK: Qavgy = 57.4+(59.7-57.4)/12 = 58.56 |[notequal 61.04
SECOND ITERATION: ASSUME qg=| 0.8 |CFS/ACRE
Qave=  18.6+(3.7 CFS/ACRE*2.57 ACRE)/2= 58.56 |CFS
Lt= 300 |FT C=| 0.41
S(AVG)Z 0.047 FT/FT A= 2.9 1 Acres
V(AVG): 12.5 FPS P6= 3.1 in.
2.5
T, =300*(1/ 12./7FPS)*(lmin./60sec) = 0.4 |min.
5.§+0.4
Tc = Fo+Fe =52 +€2 = min.
Ligo =744 * P6 * Tc"(-0.645) = 7.12 |in./hr
Qo= [ZC*AJl}p0= 59.7 |CFS
Q...
CHECK: Qavg) = 9-3+(18.0-9.3)2 = 58.54 |approx. 58.56 ok
drainage-rep2.xls: HYDROLOGY 10F 1 MCNEIL RANCH
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tmp#3.txt

. Channel calculator

Given Input Data:

Shape ... ittt Trapezoidal
Solving for ........ .ot Depth of Flow
Flowrate .........cceiencceecnnns 58.5600 cfs
L3 o o 1= 0.0470 ft/ft
Manning's n ..... .. iiiiiiieee.. . 0.0200
Height .......ciiiiiniiiiinnnnn. 30.0000 in
Bottom width ............ ... ..., 12.0000 in
Left sTOPe vuvivireniiiinnnnnenn 0.5000 ft/ft (v/H)
Right sTope .....civiiiininnnnnnn 0.5000 ft/ft (v/H)
Computed Results:
Depth ..ottt i e e 15.5856 1in
Velocity . .ovviiiiiiiiiiii i 12.5327 fps
Full Flowrate ........ccceeuenn.. 277.5984 cfs
Flow area ........cccviveeenennnen 4.6726 fr2
Flow perimeter ..........ccuuu... 81.7011 in
Hydraulic radius ................ 8.2355 1in
Top width .. ....... ... i, 74.3425 1din
Y =Y 15.0000 ft2
Perimeter .......ciceieinccnncnnn. 146.1641 1in
Percent full .................... 51.9521 %
Critical Information
Critical depth .................. 23.7797 1in
Critical slope ... ... 0.0064 ft/ft
Critical velocity .......vcuao... 5.9540 fps
Critical area .........iiiuren.. 9.8354 ft2
. Critical Eerimeter‘ .............. 118.3460 1in
Critical hydraulic radius ....... 11.9675 1in
Critical top width .............. 107.1187 in
Specific energy ........c.cc.vv... 3.7397 ft
Minimum energy ......oeeeeeccan.. 2.9725 ft
Froude number ................... 2.5441
Flow condition ...........c...... Supercritical

l » Page 1



Farth Swale

- Das/a O

tmp#1.txt

Channel Calculator

Given Input Data:

SHAPE & iitiiieninrn et Trapezoidal
Solving for .......ccoivviiina.n. bDepth of Flow
Flowrate .......ceeecunenncnsenns 30.6000 cfs
L3 o = 0.0700 fr/ft
Manning's N ... .iiiiiieiiaa., 0.0200
Height ... iiiiiiineninieenannnns 60.0000 1in
Bottom width .................... 12.0000 1in
Left slope ....oviininnnnnneenn. 0.2500 fr/ft (v/H)
Right sTope ......cciviniinnnnenn. 0.2500 ft/ft (v/H)
Computed Results:
Depth ..... it 8.7202 in
VETOCTLY virevrnncnonnnnnnanensnn 10.7786 fps
Full Flowrate ..........cvhvuevunnn ; cfs
FIOW Grea ......vseecnunnunnnnnan 2.8390 ft2
Flow perimeter ............cuu.vn. 83.9088 1in
Hydraulic radius ................ 4.8721 in
Top width ... ...t 81.7617 1in
N == 105.0000 ft2
Perimeter .......c.c.iceeeerrannnnss 506.7727 1in
Percent full .......c.vcviunnnnnn 14.5337 %
Critical Information
Critical - depth .................. 14.1230 din
Critical slope ......cvicienennn. 0.0070 ft/ft
Critical velocity ..........cu... 4.5553 fps
Critical area .......ccevveunnnnn. 6.7174 ft2
Critical perimeter .............. 128.4611 1in
Critical hydraulic radius ....... 7.5300 1in
Critical top width .............. 124.9839 1in
Specific energy ......vovvuvnunn. 2.5321 ft
Minimum energy ........eceececeans. 1.7654 ft
Froude number ................... 2.9438
Flow condition ........cc.ivvunnnn Supercritical

page 1



BASIN 0S3 TRAVEL TIME - ITERATIVE SOLUTION
QRST ITERATION: ASSUME g=| 2.5 |CFS/ACRE
Quve™ 18.6+(2.5 CFS/ACRE*2.57 ACRE)/2= 21.8 |CFS
Lt= 200 |FT C=| 041
S(AVG)= 0.06 FT/FT A= 2.57 Acres
Vave™ 15.9 |FPS P6=| 3.1 [|in.
T, = 200'*(1/15.9FPS)*(1min./60sec) = 0.2 |min.
Te=To+Tc=52+02= | 54 |min.
Ligo=7.44 * P6 * TcN(-0.645)=| 7.81 |[in./hr
Qo= [EC*A]l 0= 28.2 |CFS
y
GIECK: Qavg) = 18.6+(28.2-18.6)/2 = 2342 |notequal 21.81
SECOND ITERATION: ASSUME qg=| 3.7 |CFS/ACRE
Quve=  18.6+(3.7 CFS/ACRE*2.57 ACRE)/2= 2342 |CFS
Lt= 200 |FT C=] 041
S(Avg)z 0.06 FT/FT A= 2.57 Acres
Viavey™ 16.2 |FPS P6= 3.1  |in.
T, =200*(1/16.2 FPS)*(1min./60sec) = 0.2 |min.
Tc=To+Tc=52+02= min.
Ligo=7.44* P6 * Tc™N(-0.645)=| 7.81 lin/hr
Que=[ZC*All 0= 282 |CFS
Q. .
ECK: Qave = 9.3+(18.0-9.3)/2 = 23.42 |approx. 2342 ok
drainage-rep2.xls: HYDROLOGY 10F 1 MCNEIL RANCH
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‘ Channel cCalculator

Given Input Data:
Shape . .iii it e
solving for ..............cvu...
Flowrate ........c.cuviinniinnnnnn.
L3 o S
Manning's n ... ... i . i e
Height ......iveieiiiiinnnnnnnnss
Bottom width ....................
Left slope ........ciiviiniinn....
Right slope .......c..vvivnn...

Computed Results:
Depth ...ttt it
VeloCTtY «viviniiienineinnnn
Full Flowrate .........cccvvuun..
FIOW @rea ....cvvveeennunnnnnnnns
Flow perimeter ..................
Hydraulic radius ................
Top width ... ... ..
L o T S

Critical Informatio
Critical depth .........covu.....
Critical slope ......coovviennnnn.
Critical velocity ...............
Critical area .........civvuuucn.
‘ Critical perimeter ..............
Critical hydraulic radius .......
Critical top width ..............
Specific energy ......... ...,
MIinimum energy ...........veeune.
Froude number ...................
Flow condition ..................

p#28.txt

Trapezoidal
Depth of Flow

0.0600 ft/ft
0.0130

24.0000 in

12.0000 1in

1.0000 ft/ft (v/H)
1.0000 ft/ft (v/H)

156.
1.4422 ft2
39.1814 1in
5.3003 1in
31.2202 1in
6.0000 ft2
79.8823 1in
40.0420 %

n
19.1744 \n
0.0036 ft/ft
5.6419 fps
4.1511 ft2
66.2335 1in
9.0249 1in
50.3489 1in
4.8991 ft
2.3968 ft
3.8453
Supercritical

| Lo

6.2 Ffs

———

{0 sec!
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tmp#2.txt

‘ Channel Calculator

Given Input Data:

Shape . ...t Trapezoidal
solving for ......coviiiivninaa.. Depth of Flow
Flowrate ......ccvevivansncnnnnns 18.6000 cfs
STOPE it iee it et 0.0320 fr/ft
MannNing's N ...t 0.0200
Height ... iiinieniieiinnininnnnn 24.0000 1in
Bottom width .................... 6.0000 -in
Left sTope ... vviiiiiiniins 0.2500 ft/ft (v/H)
Right sTope ....... .o v 0.2500 ft/ft (v/H)
Computed Results:
Depth .. .iuteiiieintnnrecnnenanns 8.9787 1in
VElOCTLtY tovvvnnnnrnnninnnnnnnnn. (71169 Fps
Full Flowrate ........cviviueunnn 60174 Cts
Flow area .......etevveessnnnncas 2.6135 ft2
Flow perimeter .................. 80.0405 1in
Hydraulic radius ................ 4.7019 1in
Top width ...ttt 77.8298 1in
Y =T S 17.0000 ft2
Perimeter .............. e e 203.9091 in
percent full .......... ... 37.4114 %
critical Information
Critical depth .................. 12.0076 -in
Critical slope ......ciiivunran.. 0.0075 ft/ft
Critical velocity .......vvun... 4.1284 fps
Critical area .....veeeiinnennnnn 4.5054 fr2
‘ Critical perimeter .............. 105.0173 4n
Critical hydraulic radius ....... 6.1778 1in
Critical top width .............. 102.0609 in
Specific energy ...-....veivennnnn 1.5354 ft
Minimum energy .....ceeceveeeenns 1.5010 ft
Froude number ................... 1.9766
Flow condition .................. Supercritical

77: 259 /} / (s o ~, 5
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Qla: @;5 * 13 %QEL, = Lf5.0+~>0'/ +1.8 = 77'76;3*
o

C?10: QIQ+ QEQ 7"@55{—695371 Qg_

= 779t38:8 + Oy ¢ 18,9+ F8 = |2/
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Channel Calculator
Given Input Data:
Shape ....ciiiieieiananannnnannnn Trapezoidal
Solving for ........coieiiiinannnn Depth-of Flow _ . C;?
FIOWrate ......cevvnvennrncnnnne. (131.3000 cfs > ’
1 T o 070500 ft/f¢
MannNing's N .....cviininnnennnnnes 0.0200
Height .. .uviviirnirinansncnsnnnns 12.0000 1in
Bottom width ...... ... 240.0000 1in
Left sTope ......cvviiinnnnnnn.. 0.0286 ft/ft (V/H)
Right sTope .....covviirirnnnnnns 0.0333 ft/ft (v/H)
Computed Results: J— - , ,
DEPth ..vuviiiiieaii e (5.647L inD . .. o/ i s E
VEIOCITY ool 79055 fps /v IR
Full Flowrate ......ccvvurennnnn. 632.4178 cfs
Flow area ........ceeceenvenannnn 16.6088 ft2
Flow perimeter .........cevuvunnn 607.2109 1in
Hydraulic radius ......c.veveennn. 3.9388 in
Top width ... ... .. i 607.0361 1in
) oY Y 52.4975 ft2
Perimeter .......c.iiiieiennanans 1020.3121 1in
percent full ... ... . 47.0595 %
critical Information
Critical depth ........... . ..ot 8.9986 1in
Critical slope .....cocvuvrennnnnn 0.0074 ft/ft
Ccritical velocity ......vvvvnvunn 3.9463 fps
Critical area .....cvoeveeennannnn 33.2717 ft2
Critical perimeter .............. 825.1414 1in
Critical hydraulic radius ....... 5.8064 1in
Critical top width .............. 824.8630 1in
Specific energy ......ccvvruunenn 1.4418 ft
Minimum energy .........cceeaeeen- 1.1248 ft
Froude number ............. ..., 2.4323
Flow condition ..........uvnevune Supercritical
N4
ra L
U et
] S Z <z, N B} =S :
oL T T - {
T /””“—’-T‘
7 f’
:Z ’
v Fo
v/
.,Jv——--«————\v.'l‘.-f.._.w
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tmp#26. txt

Culvert Calculator
Entered Data:

Shape ... iviiiiii ittt Circular
Number of Barrels ............... 4
solving for ..... ... Headwater
Chart Number ..........ccociauan. 1
Scale Number ..............cv.unn 1
Chart Description ............... CONCRETE PIPE CULVERT; NO BEVELED RING
ENTRANCE
Scale Decsription ............... SQUARE EDGE ENTRANCE WITH HEADWALL
overtopping ......ciieiiiiiinannn Oon
Flowrate ......ccierinrnecanennns 131.3000 cfs
ManNing's N ..ot iinirrnrenennns 0.0130
Roadway Elevation ............... 601.8100 ft
Inlet Elevation ................. 598.7600 ft
outlet Elevation ................ 598.3100 ft
Diameter ....uccinenrnennnrnaanes 24.0000 1in
(=1 T+ & of £ 39.0000 ft
ENtrance LOSS ...ievireeioencnnans 0.0000
Tailwater .....cieeneciennnnnanns 0.4700 ft
Computed Results:
Headwater .......c.veecnvsncasnes 601.8253 ft Overtopping Occurred
L e oY= 0.0115 ft/ft
VeTOCTtY +.vvennvennencnonennnnns NA
Messages:
Overtopping Occurred
DIS- HEAD- INLET OUTLET
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER
Flow ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH
cfs ft ft ft in in fps ft fps ft
3.80 599.70 0.94 0.66 NA 6.42 8.20 5.63 0.53 0.00
.47
7.60 600.17 1.41 1.10 NA 9.22 11.76 6.83 0.77 0.00
47

11.40 600.60 1.84 1.48 NA 11.57 14.54 7.61 0.96 0.00

.47
15.20 601.03 2.27 1.85 NA 13.76  16.87 8.16 1.15 0.00

.47
19.00 601.54 2.78 2.22 NA 15.98 18.82 8.55 1.33 0.00

.47
22.80 601.38 0.00 2.62 NA 18.48 18.82 8§.01 1.54 0.00

.47

o O O O O ©

overtopping Results

22.80 601.81
26.60 601.82
30.40 601.82
34.20 601.83
38.00 601.83
41.80 601.84
45.60 601.84
49.40 601.85
53.20 601.86
57.00 601.86
60.80 601.87
64.60 601.87
68.40 601.88
Page 1



tmp#26. txt

72.20 601.88
76.00 601.89
79.80 601.89
83.60 601.90
87.40 601.91
91.20 601.91
95.00 601.92
98.80 601.92
102.60 601.93
106.40 601.93
110.20 601.94
114.00 601.94
117.80 601.95 VeV,
121.60 601.96 wé BT
125.40 601.96
CFS129.20 601.97 /
T133.00 _601.97
136.80 6UI.98
140.60 601.98
144.40 601.99
148.20 602.00
152.00 602.00
155.80 602.01
159.60 602.01
163.40 602.02
167.20 602.02
171.00 602.03
174.80 602.03
178.60 602.04
182.40 602.05

193.80 602.06
197.60 602.07
201.40 602.07
205.20 602.08
209.00 602.09
212.80 602.09
216.60 602.10
22040 602.10
224.20 602.11
228.00 602.11
231.80 602.12
935.60 602.12
23940 602.13
223.20 602.14
247.00 602.14
250.80 602.15
254.60 602.15
258.40 602.16
262.20 602.16
266.00 602.17
269.80 602.17
273.60 602.18
277.40 602.19
281.20 602.19
285.00 602.20
288.80 602.20
202.60 602.21
206.40 602.21
300.20 602.22
304.00 602.23
. 307.80 602.23
Page 2



D-36 (oNC. CHEANEL
NODEg /;' IO tmp#29.txt

. Channel calculator

Given Input Data:

Shape . oviiiiiiiiirinecaneaanans Trapezoidal
Solving for ..., /,DEﬁfﬁ“bf~$ w
Flowrate .......ccciennecrnnnannn 133.1000 cfs

L3 e o )

Manning's N .....iiieiiiiiinennnn 0.0130

Height ... iiinreiinneniiannenn 48.0000 1in

Bottom width .................... 24.0000 1in

Left sTope .....cvvirinnerenennn. 0.5000 ft/ft (Vv/H)
Right sTope .......cciiiirannnnn 0.5000 ft/ft (v/H)

Computed Results:

DEPLR +nve oo " 26.8834 in
VEIOCTLY v vviernnvnnnnencennnncns <\9~11;

Full Flowrate .......c..cvvvuvnnn. 515.1398 cfs
FIOW Gread «.veeerenvennrcrancnnns 14.5183 ft2
Flow perimeter .........ccovuunnn 144 .2262 1in
Hydraulic radius .........00vun.n 14.4955 1in
Top width ......... ..., 131.5336 1in
ATEA ... iiniesnnnrenannnoansanrsns 40.0000 ft2
Perimeter .........cevrcnnnnnnnns 238.6625 in
Percent full ... ... ... ... ... 56.0071 %
Critical Information
Critical depth .................. 31.4893 1in
Critical sTope .....civcennennann 0.0024 ft/ft
Critical velocity ............... 6.9979 fps
Critical area ........ccvevvceannn 19.0201 ft2
’ Critical perimeter .............. 164.8243 1in
Critical hydraulic radius ....... 16.6170 1in
Critical top width .............. 149.9571 1in
Specific energy ................. 3.5464 ft
Minimum energy ........ceeeencann 3.9362 ft

Froude number ................... A~+4044—
Flow condition ........cvenevuunn upercritical

v, S, plev = (023 (FHODE T

¢ g/(// col .97 (@ ~HelE 1O
WS, (ev -

. Page 1



30" prp o ®O.8S%
NOPES

1S- 1R

Manning Pipe Calculator

Given Input Data:

Shape ...t ii it Circular
Solving for .........coiiiia... Diameter Full
Diameter .......c.eeveernnnnenenn ~..32.8064 in~
Depth ... .. ittt 32.8064 1in
Flowrate .......ceeveevrnnnnnnnns 48.0000 cfs
L3 oY o L S 0.0085 ft/ft
Manning's N .. .ieeiiniineininannn 0.0130
Computed Results:
ATBA &ttt ittt nsnnsasnrenannaas 5.8701 ft2
Wetted Area ........cciiniinnnnnnn 5.8701 ft2
Wetted Perimeter ........c..ouu.. 103.0644 1in
Perimeter .......ceeeceenrneananas 103.0644 1in
VelOCTEY viiriiiiene i it iinnnnnnns 8.1770 fps
Hydraulic Radius ................ 8.2016 1in
Percent Full ............cccuu... 100.0000 %
Full flow Flowrate .............. 48.0000 cfs
Full flow velocity .............. 8.1770 fps
Ccritical Information
Critical depth .................. 29.0074 in
Critical slope ......cevivnennn.. 0.0059 ft/ft
Critical velocity ......ccveennnn 8.2665 fps
Critical area .........ciuvuunnn. 5.8066 ft2
Critical perimeter .............. 76.7405 1n
Critical hydraulic radius ....... 10.8957 in
Critical top width .............. 32.8064 1in
Specific energy ......covevvunn.. 3.5382 ft
Minimum energy ..........eeeeeuann 3.6259 ft
Froude number ................... 0.8119
Flow condition ..........cccuun.. Subcritical

Py 7F UNDEER PF

Page 1
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7\///’6 /Q“L(/ ('d
No DF

/"
180 — 10,000
- 168 - 8,000 EXAMPLE 3
i - b.
- 158 - 8,000 g:::ol::m (3.5 foet) [ Y
[ 1aa - 8,000 -8}
- - 4,000 B aw & i - 8.
- 132 - [ tont L o 5
- 3 3,000 (0 X (¥} 5. [ [ 4.
120 o ® 2.1 1.4 - -
i - 2,000 Y T X1 a. s—F
- 108 - [‘ -3
L 32 *0 in teat 4
o o |
- 96 L. 1,000 LI [
o - -
oe [~ 800 ———e ____2___*»
i - 600 -~ S ol T »
- - 300 // {' :\_,_/"\ ﬁ -— /
400 e Q2. - 5 — .
- T2 n - o
"n H [ L =1 - 5
W - 300 "'\'/ o x - 1.8 D
Ir 2 = - - S s
b E b3 e »
z or ~ . x E
Z e i BEs T
= z E - wl s
é — 54 5 E/ 4’: | I L
[ o4 "“:_ L a
|- a8 ~ g E° zt - s -
> / o I~ 80
3 ~ = R
- a 1, .
O lrae 5 L/:g ) a Lo Lo
5 3 HW . . e  ENTRANGE o F
- o K -
5 N 40 D TYPE :‘ i 9
- - 38 - 30 4] Square sdge with - B -9
;' o headwoll g - .9
a3 - . . <
- - 20 ® Groove end with wF
o 3 headweli x —.8 L g
A< 30 2 R
o 3 Groove snd - .8
|- prejecting g "
-2 E 10 - ,
- = =T
[~ 24 -8 -7
[ L To use scole {2) or {3} project L B
— & borizonteily to scels (1), thea s
— 21 [ s uss strolght Inchinad line through
| D ond O scoles, or reverse ae ~— .6
L 3 Hivatrated, 6 .6
- 18 F
- 2 - I -
- 19 3 5
- L : .5
= 1o 8
— 12 HEADWATER DEPTH FOR

CONGCRETE PIPE CULVERTS
WITH INLET CONTROL

HEADWATER SCALES 283

REVISED MAY 1964
BUREAU OF PUBLIC ROADS JAN. 1963
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W s el cob gz

225

Hw = H.78



g fcp S.b. (B o2,
HOPE; /é” IE tmp#33.txt

. Manning Pipe Calculator
Given Input Data:
Shape v...vvvenieenencnsnnannanas Circular
Solving for ........ .o, Depth of Flow
Diameter .....cuveverrnanracennnnn 18.0000 1in
Flowrate ......coceciieencnnncannns 10.2000 cfs
L o < A 0.0700 ft/ft
Manning's N ...t 0.0130
Computed Results: o T T——
[57=Y o f £ O 7.5462 in—
Y o = 177671 fr2
wetted Area ........ceeveenncenen 0.7026 ft2
wetted Perimeter ................ 25.3539 1n
Perimeter ........cciieunnrcannan 56.5487 1in
VElOCTLY vviiiiiinccnriennananennn 14.5168 fps
Hydraulic Radius ................ 3.9907 1in
Percent Full ............ oo 41.9231 %
Full flow Flowrate .............. 27.7919 cfs
Full flow velocity .............. 15.7270 fps
Critical Information

critical depth ............... ... 15.4735 in
Critical slope .........ccuuuen.. 0.0071 ft/ft
Critical velocity .........cucn. 6.0257 fps
Critical area .......ccicvveennnnn 1.6928 fr2
Critical ﬁerimeter .............. 41.2213 1in
Critical hydraulic radius ....... 5.9134 1in
Critical top width .............. 18.0000 1in

. Specific energy .......ciivenuunn 3.9038 ft
Minimum energy ......--e.iceenuan. 1.9342 ft
Froude number ...............cu.. 3.7147 -
Flow condition .............cv... “Supercriti:;;r\ﬁ

<
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DIAMETER OF CULVERT (D) IN INCHES
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BUREAU OF PUBLIC ROADS JAN 1963

-2|/

£~

\

-

¢z l0acFS
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CHART 1B

~ 10,000
|~ 8,000 EXAMPLE
- 8,000 De4R Inches (3.9 foet)
. 5,000 Q»120 cfs
|- 4,000 ® uw
- ”# font
3 3,000 m oz os
[ @ t. 7.4
- 2,000 X | X
-:. "D in teat
(- 1,000
- 800
- 600
.T 300 /
-~ 400 -
R v
- oty
E 300 "y

ot ~

S | eoo /

zf -

g~
- 100

~ wE

« - 80

; o

= HwW ENTRANCE

©Fa40 Tp SCAL TYPE
,’;" 30 (/I)" Squers sdge with
- / headwoll
[ 20 @ Groove end with
3 headwoil
; Groave and
- projacting
- 10

/ [ ®

[ L To use scols {2) or {3) project
- 8 Morizentolly te scole (1), thee
- P use siralght Inclinad Hine through
| D and G scoles, or revarse os
- 3 illustrated,
- 2
- 1.0

(3)
8.
[ -6,
- 8, 2
- & - 8.
- - 4, [
5 o - 4.
s F s
" —y -
L - ™3
- 3. - "
[ - i
/—————v e st
- =2 e
8t [
i [ i
- 1.8 - 1.8
-4 .
- — 1.5 1
I; " b y""
2} - 5 - -
= | | D
r
&r Lo | 1o
o
et T r
w
.‘._ o r—.s r__'g
g - .9
3 -
o -8 L.
r
— T—=r
i i i
. - .6 - 6
L. .8 -8 - .5

HEADWATER DEPTH FOR
CONGCRETE PIPE CULVERTS

HEADWATER SCALES 283
REVISED MAY 1964
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7;67 1 F?(f /7
NODE S

sV @ 3092
(7 - (S

Manning Pipe Calculator

tmp#32.txt

Given Input Data:

Shape ....iiieiieei it aaiseeea Circular
Solving for ......cciiiiiiiaia.. Depth of Flow
Diameter ........coiivrnencnnanns 30.0000 1in
Flowrate ........ccneecnnncerenan 37.8000 cfs
STope v ieiiiiiieeien e 0.0314 fr/ft
Manning's N ...ttt 0.0130
Computed Results: e ' D
Depth .........ccnvevnveiiaaan e 15,3536 40
ATEA i vivnrrnneeornnroncnsnnnns 479087 ft2
wWetted Area .........ccvvrveennnn 2.5280 ft2
wetted Perimeter ................ 47.8312 1in
Perimeter .......cccccernerennnon 94,2478 1in
VElOCTLY vvviveernnannnernnnennns 14.9523 fps
Hydraulic Radius ................ 7.6109 1in
Percent Full ................ouus 51.1787 %
Full flow Flowrate ........c0u... 72.6826 cfs
Full flow velocity .............. 14.8068 fps
Critical Information
Critical depth ............ ... 26.2890 1in
Critical slope ..., 0.0061 fr/ft
Critical velocity ............... 7.8648 fps
Critical area ......vcvnvvrenecan 4.8062 ft2
Critical perimeter .............. 69.7019 1in
Critical hydraulic radius ....... 9.9294 1in
Critical top width .............. 30.0000 1in
. Specific energy .......cccicnana.n 4.7539 ft
Minimum energy .........oeeeuue.. 3.2861 ft
Froude number ................... 2.6214
Flow condition ................. ,/'Supercrit{zgy\\
\L\\_V_\_” N I -
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A-4 C O,

]\/od’@ / (7

—~ 180
s

|- 168
- 158
- 144

- 132
— 120
108

- 96

|- 84
- 72
- 60

- 54

- 48

4

-~ 36

DIAMETER OF CULVERT (D) IN INCHES

30

- 27

- 24

- 21

\

DISCHARGE (Q) IN CFS

)

CHART 1B

10,000

8,000 EXAMPLE

» 5,000 Dudg inches (3.3 feel)
[ 5,000 Qo120 cfs

-~ 4,000 % nw
-’ 1'%! foot
- 3,000 ") 2.8 ’s
o ®) | N 7.4
3 2,000 e} r.2 1A
'_—— "0 In test

[~ 1,000

- 800

- 600

|- 800 /
- 400

B <

— 300 \.‘V‘“/

- ~

- 200

F

F—~

- 100

|- 80

— 60

- 50, \

- HW ENTRANCE
%0 —p SCALE TYPE
— 30 Squors sdge with

- headwall

_:_. 20 Groove and with
2 heodwall

E‘ Groova and

L. projscting
[ 10

- 8

- 6 Yo use scals (2} or {3) project
L~ § horlzontotly to scale (1), then
- 4 uss stralght Inclined line through
N D and Q scoles or reverse os
L3 Hlustrated,

- 2

C- 1o

HEADWATER SCALES 283

BUREAU OF PUBLIC ROADS JAM 1Da3

3=
D

_ 146

REVISED MAY 1964
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T [ &2
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o
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x
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CONCRETE PIPE CULVERTS

WITH INLET CONTROL
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NoDE (- 17

tmp#34.txt
. Manning Pipe Calculator
Given Input Data:
Shape ...ttt ittt Circular
solving for ............ ... ..., Depth of Flow
Diameter .......vveeennennnnnnnn. 30.0000 1in
Flowrate ......vevinvnnnnnnnnnen. 37.8000 cfs
STope .ottt e i e, 0.0880 ft/ft
Manning's n ... iiiiiie i e, 0.0130
Computed Results: f/”'ﬂfa TN
Depth ....iiieiiiiiii ittt 11.4808 in
8 T :
Wetted Area ........vevvnvnunnnn. 1.7280 ft2
wWetted Perimeter ................ 40.0193 4in
Perimeter .......c.eceenecnnnncns 94.2478 1din
VEloCTLY vviiiiii i it i einnnn. 21.8752 fps
Hydraulic Radius ................ 6.2178 in
Percent Full ................c.... 38.2693 %
Full flow Flowrate .............. 121.6765 cfs
Full flow velocity .............. 24.7877 fps
Critical Information

Critical depth .................. 26.2890 1in
Critical slope ........cviiiun... 0.0061 fr/ft
Critical velocity ............... 7.8648 fps
Critical area .......covvvvvunnnn. 4.8062 ft2
Critical perimeter .............. 69.7019 1in
Critical hydraulic radius ....... 9.9294 1in
Critical top width .............. 30.0000 in

. Specific energy ................. 8.3932 ft
Minimum energy ........eeeceeun.. 3.2861 ft

Froude number .................. 4 5735 T

Flow condition ................. (:;igfiifijtica1 P

Page 1



20 RCP Sp - Basin L
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CHART 1B

— 180 — 10,000
168 ” 8,000 EXAMPLE (3)
| L . 8
- 156 L 6,000 g::zz;:r‘m (3.5 foot) [~ 6
144 - 8,000 - B, 3
— 6. - 8
- I~ 4,000 HW % Hw o .
- 152 - [] toot - - 4
- - 2 3,000 ) 2.8 ) - 8- o ~ 4.
- 120 E 5 000 m 2 Ta i - -
i E™ & . 7 —= 4. 5
L 108 E (&) 2.t F -y *,
- E' "D in fest i : .~ [
- 96 [ 1,000 -3 F |
|- - -
- 800 F RS
- 84 Pl N 2 e—
-~ 600 -~ [ .
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> ~~~ x|-80 z
5’ ~ LI [l B
3|4 1 eo0 a 1.0 |10
™ o 50 . o
o = HwW ENTRANGE = - i
w © 4o “p SOALE TYPE 3
Wl e i WL s |
- - 30 1)) Sqvers sdge with -
;‘ - headwell % — .9
3 - 2O Groove and with wt
o E headwail x - .8 L8
30
; 2] Groove and — .8 i
- 27 o projecting -
T 3
- T -
- 24 -8 - '
- 6 Yo use scols (2) er {3) project o s
94 - 8 horlzontolly to scele (1), thea -
- 4 uze siraight inclined tine through
D end G scoles, or Teverss os f— .6
F_ 3 Hiustrated, L .6 — .6
- 18 E
- 2 i - A
- 15 3 | .
C - L i —.3
L__ '.o -5
-2 HEADWATER DEPTH FOR

HEADWATER SCALES 283 CONCRETE PIPE CULVERTS
REVISED MAY 1964 WITH INLET CONTROL

BUREAU OF PUBLIC ROADS JAN 1963
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Joo" wiPE CHANNEL ¥ 570" VOWHSTREH ns
ST//—;; E;-l? ("7'/ O’f/ f? }; ' Z? Q’faf% Jﬁv?lzz) JZ,

tmp#18. txt

. Channel calculator

Given Input Data:

Sh?pe g Trapﬁzo1da1
solving for ......veiininnnnnnn. Depth-of
F}owrate ........................ <:133 3000 cf fft::)—~ (;?/
STOPE w.vviiii i,
Manning's n ... ...ttt O 0200
Height ...iieeiniiinininiiinnnnnas 12.0000 1in
Bottom width .................... 240.0000 1in
Left slope ....vviiinnnnnaa., 0.0286 ft/ft (v/H)
Right sTope .......ccciiiiinnnnnn, 0.0333 ft/ft (v/H)
Computed ﬁesu1ts: P ¢ 6903 ~7_ (/ f{
Depth ... v iiiiiiiinana. 5 . in . : W
VElOCTLY wuiiiiineiiinnrnaannas \7T‘9'3’8‘8‘~~fps-- ‘ 21 arers
Full Flowrate .........ccvuuuun.. 632.4178 cfs
FIOW Area ......ceeeevencncennanns 16.7910 ft2
Flow perimeter .................. 610.0158 1in
Hydraulic radius ................ 3.9637 1in
Top width ... ... ... 609.8397 in
AM€A . oiiinsnreeansnncnsassnennns 52.4975 ft2
Perimeter ......ciecenerennnrannn 1020.3121 1in
Percent full .........c ..., 47.4190 %
Critical Information
Critical depth .................. 9.0679 1in
Critical slope ........couve.... 0.0074 fr/ft
Critical velocity ............... 3.9590 fps
Critical area ........cnvvvuuunn. 33.6698 ft2
‘ Critical perimeter .............. 829.6481 1in
Critical hydraulic radius ....... 5.8440 1in
Critical top width .............. 829.3675 1in
Specific energy ................. 1.4536 ft
Minimum energy ...-u.ceeeernunsean 1.1335 ft
Froude number ................... 2.4349
Flow condition .................. Supercritical

Page 1



Mo D.
HoPE (2]

Entered Data:

Shape .....iiiiiiinineinnrensnnns
Number of Barrels ...............
Solving for ..... ..ot

Chart Number
Scale Number
Chart Description
ENTRANCE
Scale Decsription
Overtopping
Flowrate
Manning's n
Roadway Elevation
Inlet Elevation
outlet Elevation
Diameter
Length
Entrance LOSS
Tai lwater

--------------------
--------------------

---------------

---------------
---------------------
........................
---------------------
---------------
-----------------

................
........................
..........................
-------------------

Computed Results:
Headwater
Slope
velocity

Messages:
Inlet head > outlet head.

Computing Inlet Control headwater.

solving Inlet Equation 26.
solving Inlet Equation 28.

16" B-2 THLEF

tmp#19.txt
Culvert calculator

w/ \\7'-2‘{/,&(?
CULVE fT

Circular

7

Headwater

CONCRETE PIPE CULVERT; NO BEVELED RING

SQUARE EDGE ENTRANCE WITH HEADWALL

off __
(133.0000 cfo. . - .
.0130 2

601.8100 ft
598.7600 ft
598.3100 ft
24.0000 in
39.0000 ft
0.0000

( 0.4750f?77t§- - & J s

5 3) ft Inlet Control
0.0115 ft/ft
8.5505 fps

ft

Headwater: 601.5443 ft
DIS- HEAD- INLET OUTLET
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET TAILWATER
Flow ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH
cfs ft ft ft in in fps ft fps
3.80 599.42 0.00 0.66 NA 6.42 18.82 4.01 0.53 0.00
0.47
7.60 599.86 0.00 1.10 NA 9.22 18.82 4.96 0.77 0.00
0.47
11.40 600.24 0.00 1.48 NA 11.57 18.82 5.73 0.96 0.00
0.47
15.20 600.61 0.00 1.85 NA 13.76  18.82 6.44 1.15 0.00
0.47
19.00 600.98 0.00 2.22 NA 15.98 18.82 7.19 1.33 0.00
0.47
22.80 601.38 0.00 2.62 NA 18.48 18.82 8.01 1.54 0.00
0.47
0 60.80 599.65 0.89 0.00 NA 24.00 24.00 19.35 2.00 0.00
.47
64.60 601.58 2.82 0.00 NA 24.00 24.00 20.56 2.00 0.00 4
0.47 g q L7
50!03 66110114
- T
S 2% ’ _/Ioj
TN 8 zéjﬂ
NN
o " é Lipe — <T—Y
V3
-/
Page 1 Q7
To 6@/ F,/aaa/t!ﬁ/ %;\H



CHART 1B

~ 180 10,000

- 188 8,000

- 138 6,000

-

- 144 38,000

- 4,000

- 132

- 3,000

- 120

- 2,000

L 108

- 96 1,000

i 800

- 84 600

F 500

- 72 400
300

DISGHARGE (Q) IN GFS

DIAMETER OF CULVERT (D) IN INCHES

== SCALE

EXAMPLE

Dadg inches (3.5 fost)
Q=120 cts

B

m 2.8 (X}
) 2.1 T4
3 2.2 1.7
"D in test
/
~
‘Q\-‘/
o

TYPE

Square sdge with

handwall

Grocve sad with
hasdwall

Groovs end
prejecting

Yo use scale {2) or {3} project
horlzontelly 1o scals (1), then
use stralght inciined line Yhrough
D ond Q scoles, or reverse o8
iHustrated,

ENTRANGE

(3)
8.
[ ~ &,
b 8.
—~ 6. L - 8.
s [ . |
d o 4.
- . -
- - 3. -
- L - 3.
L3 L -
[ - i
e o B ety o
Gt = 8. —p p
- 2. o L
SUEENEN S N S = 1.8
- 3 L /
LN

HEADWATER DEPTH IN DMMETERS\\_(HW /D)

- 1.0 o
s r—.s L9
- .9
L
-~ .8 - 8
- .8
}.
=-.7 =T
._._7 )
] |
.6 |
- .6 6
-
e 5 L.

HEADWATER DEPTH FOR
CONCRETE PIPE CULVERTS

HEADWATER SCALES 283

REVISED MAY 1964

Q'ﬁ: 63.0 ZF¢
.D: ;UO/
HW: Qtvogl

225

WITH INLET CONTROL

FL= 59728~



‘MoDb. TYPEF (. F,

CHART 1B

- 180 ~ 10,000
- 160 [ 8,000 EXAMPLE 3)
T o € 000 DR Inches (3.5 foot) [~ 8. 6.
- -y Q=120 tfs
- 144 - 8,000 -5, }
2 - 4,000 e » nw — 6. - ~ 8.
- 132 - b tost - L 4 L
- :-' 3,000 m 2.8 o - 3. - - 4
- 120 s 2.000 ® 2.1 1.4 i o -
i E™ .2 12 —p4 - -
- 108 3 = - -3 [ .
L = "0 in test - - .
- 98 L. 1,000 -3 r i
i —~ 800 s F I _F
- 04 -~ Fad Sy Y -
- 800 ~ - 2
~ = -
I - 500 - - g 2
[ 400 fFe -
wh - ‘// N s |
w " L -
S 23 300 ‘p/ £t =18 L8
z ot =t 2
20 60 S | 200 / ’h_-l - 1.8 |
= zE 7 w r -
o | 54 ~F X
: ° '-o-":/ 5 T~
Elae _HE' 2t I Tho 4w | D
2 o - s F 8o x — - ’
3~ z | eo &r L0 [1o D
“ 42 g [ %0 . g
= sk L) SCALE ENTRANCE 1.0 - 5
. - 40 TYPE o« *
V 5 L. 38 " E - — .9 - .9
- - 30 [t Squars sdge with -
H o Naodwoll xH.9
33 s e
= - 20 Groove end with :‘ 2
o 30 3 hegdwali x - .8 - .8
» 3 3 Groove snd 1 .8
97 E projscting i - L
- 10 ’
et = aadie A
- 24 » 8 L~ 7 ]
- L] To uss acais {2) or (3) project - 1
' == horlzontolly 1o sceolu (i), then 9
—2 - a use straight inclined tine Yhrough
__ D ond Q scolas, or reverss ae - .6
[ 5 illusteatad, . 6 -6
18 F
- 2 i - 5
19 2 B
- |« E-3 L5
- 1.0 >
L 1o HEADWATER DEPTH FOR

HEADWATER SCALES 283 CONCRETE PIPE CULVERTS
REVISED MAY 1964 WITH INLET CONTROL

BUREAU OF PUBLIC ROADS JAN 1983

~ Q- 34 (7 L= 59965

| PR MOV“}/
® ,. u: o .
225 Wselov= 602-65
Hw = 3.0



NDE (3] — [4]

B roe s =e =
. Manning Pipe Calculator
Given Input Data:
Sh?pe e Circu]a; ]
Solving for .........ccouiin... Depth of Flow y
DIiaMELer & iviir ittt 24.0000 in &=— fﬁ/if S/e€
FIOWPGTE «vunerereeinnnnnnanannns 20.5000 cfs £— (oo :
STOPe voviiiii it e 0.0650 ft/ft « s/
Manning's N .......iiiiiiiineann 0.0150 %ee
Computed Eesu]ts: 10.7057 < 37£§
1311 o o £ T .7057 1n
T T . 16’ff§///
wetted Area ..........cicuninnnnn 1.3555 ft2
wetted Perimeter ................ 35.1055 1in
Perimeter ......... Ce e 75.3982 1in
VeToCTtY +vvevivnnrennronennnnnns 15.1236 fps
Hydraulic Radius ................ 5.5602 1in
Percent Full ................u... 44,6071 %
Full flow Flowrate .............. 49.9859 cfs
Full flow velocity .............. 15.9110 fps

X Dep?’l T
. ;U'/Lﬁzﬁ( S‘UMC/@JL

. Page 1



Nove [F]—= [S]

TRttt
‘ Manning Pipe Calculator
Given Input Data:
Sh?pe AL EEREEEEE circg1a; ]
solving for .......... ... ... ..., Depth of Flow Stre2
Diameter .......oooooooniiii, 24.0000 in &=— L(F€
F}owrate ........................ 20.5000fc524f:~—’ =
Slope ..o iiii i i i 0.1100 ft/ft L gvﬂoc,
Manning's N .....ciiiiiiiiaanana, 0.0150
Computed Results: T
e 9.2580 in K
ATBA o v rein s st tacennnnenan :
wetted Area .......cicevinnuenann 1.1178 ft2
wetted Perimeter ................ 32.1662 1in
Perimeter ........... . i, 75.3982 1in
VeloCitY wivinein it e iiiinnnnns 18.3395 fps
Hydraulic Radius ................ 5.0041 in .
Percent Full .........c.iiivennn. 38.5750 %
Full flow Flowrate .............. 65.0260 cfs
Full flow velocity .........v.... 20.6984 fps

¥ quﬁ VAR
L ppe S“@Q/WZ

. Page 1



~ 18O
[ 168
156
144

- 132
- 120
- 108

- 96
- 84
- 72
- 60

- 84

- a8
“ap

- 38

-~ 33

DIAMETER OF CULVERT (D) IN INCHES

30
- 27

- 24

— 21

BUREAU OF PUBLIC ROADS JAN. B4

_ C?g - 3/ L/‘

D=
Hw =

—

c
?oJ

2.0

\

DISCGHARGE (Q) IN CFS

3

CHART 1B

~ 10,000

[ 8,000 EXAMPLE

L 8,000 Dw42 Inches (3.3 fost)
[ 5,000 Q=120 cts

- 4,000 % Hw
- T et
3 3,000 W .3 ss

s ® 2.4 7.4
E- 2,000 L] X} r
é‘ *0 in teet

[~ 1,000

- 800

- 8600

- 500 /
|- 400 /

o \3

L 300 ay*"’/

o e

- 200

>

- 100

-~ 80

-~ 60

- 50 '

u H ENTRANCGE
[ 40 _>p SCALE TYPE
— 30 [T} Squers sdge with
- hendwoll

L 20 [£4] Grosve snd with
- headwell

F » Groova end

: projecting
L- 10

- 8

- L] To use scais {2} or {3) project
|- 8 horizxontelly to scels (1), thes

s Py uss stroight Inciined line through
u D and O scoles, or reverse as
- 3 itlustroted,

- 2

- ro

(3)
6
—
- p 6,
8. -
- 6. s - B
. . 5
-3 S
° [ 4.
- X t
— - =
- - 3. -
o - — 3.
N = 3
- 3. = g
I - N
S —— R
P = 2. —F=p
Q2. - i
x| - |
& 1.5 - 1.8
(LN 8
5 5
el ll X i ]
Wk
=
1 -
:- _——— H\'l/s / 02
= s o ——— - 3
x b
[ N IV
a - 1.0 | 1.0
W
n 3
5 ~ 1.0 o
5 - .9
: .9
x k.9
2
wt
T —-8 L8
- .8
b, T 1
-7
-6 |
6 .6
| . -5 L.

HEADWATER DEPTH FOR
CONCRETE PIPE GULVERTS

HEADWATER SCALES 283

225

REVISED MAY 1964 WITH INLET CONTROI_.

FL = 69073 -

Weeloyz (03,753
Rim=co04%. 8



SlokmwATER T HTERCEPTOK

HOPE@
o

r— 180
[ 168
- 158
b 144
b~ 132
120
108

- 96
- 84
- 72
— 60
- 54

- a8

<42

- 38

- 33

DIAMETER OF CULVERT (D) IN INCHES

- 30

- 27

|- 24

- 21

\

DISCHARGE (Q) IN CFS

\

LY

~— 10,000
|- 8,000
-~ 6,000
|- 8,000
-~ 4,000

- 3,000

L 2,000

(- 1,000
- 800
- 800
- 800
- 400
- 300

- 100
- 80
- 60
- 50
- 40

- 30

HEADWATER SCALES 283
REVISED MAY 1964

BUREAU OF PUBLIC ROADS JAN. 1963

{/?7: 6.8 CFS

nw SCALE

CHART 1B

EXAMPLE

Do 42 inches (3.3 fest)
Qe 120 cts

HW B ww
[ fost
2.3 8.8

2.1 1.4
2.2 1.7

[0}
®

"0 in fent

ENTRANGE

[+] TYPE

Squeore e with
hagdwoll

Groove shd with
headwsii

Groovae end
projecting

To usa scols {2) or (3) project
horlzontolly to scale (1), then
uss strelght inclined line through
D ond Q scoies, or reverss o8
illustrated,

(3)
8.
—
a3 - 6.
- 8,
o T - 8,
-4, |
-5 F - .
- i r
. wl -
- ~3.
- - 3,
3. L -

[ - -
R s o Rt
PR 2 e

/ L. | -

T L
@he | !
[ - i
E— .8 [- 1.8
ol
2 5
wis |
g -
al - .
Q
z - L
E
ol Lo} Lo
o -

« - 1.0 -
A —9 Lo
g |- .9
=t
T -8 | g
- .8
- 7 7
- .7
] -
-6 |
e .6
L 5
- L .8

HEADWATER DEPTH FOR

225

ofo/,e?

-

FL

CONGCRETE PIPE CULVERTS
WITH INLET CONTROL



CHART 1B

O

~ 180 ~ 10,000

[ 188 [ 8,000 EXAMPLE . (3)
[ 158 4 000 Daa2 Inches (3.8 feet) [ ~
- * 2 Q=120 et &
| 144 - 8,000 o 8,
s L- 4,000 L s - [~ 8.
L. 132 - b fost - . |
- - 3,000 w13 ea -5 - .
[~ 120 - @ 2.1 1.4 i = L
N - 2,000 ) 2.2 1.7 —=. E- % -
- 108 X - -
L 2 *D in test L ™3
s - - i
B L 1,000 -3 I
3 - 800 J:‘ ______"______’-
- 64 L 600 // i F 2 i 2
- - 800 - - 5
u P gle - i
L 72 -~ 400 - >l i
n B ot it L
wi |- 300 t"y - .8 Ls
2 or ~ i 5
sfe Bbee - BF |
~ zfg .~ w b
8|54 S,E - <} L R
o o
'™
o /u — 100 2zl |
‘_5: . _- g -~ 80 z
8 / r i eo .il o o L0
S g "y " e | o0
- . -—
et ol nw SCALE ENTRANG « 1o o —— [
40 D TYPE
e L - e -9 oo
- 38 |- 30 (U] -
g iee
g [_ 33 Groove and with z -
o L 30 hecdwall x - .8 . 8
Groovs end - .8
ting ™ -
- 97 projsctin r
b=, T
T
- 24 - 7 n
- L} To uss scale {2) or {3) project - 5
- 5 horlzontolly to scale (1), then 5
- 21 B a use stralght inclined fine through
:- D ond O scoles or reverss os - .6
- 3 itlustrated, - - .6
18 -
- 2 ! - 5
- 18 E -
E 1o L .8 -5
12 HEADWATER DEPTH FOR

HEADWATER SCALES 283 CONCRETE PIPE GULVERTS
REVISED MAY 1964 WITH INLET CONTROL

BUREAU OF PUBLIC NOADS JAM 983

Qg= 6 g CFS
D= 1[5 225

Hw = .50

FL= 601.99

L\/-gr _E/py, — 5033’7



9 Type b1

HODFE /l/j
®

BUREAU Of PUSLIC ROADS JAN. I983

C'U"b Zn/e f

CHART 1B

180 ~ 10,000
[ 168 [~ 8,000 EXAMPLE 3
T " &.000 De a2 Inches (3.3 foet) [ & _¢
- 4 Q120 tts +
[ 144 - 3,000 - 3.
. — 6 .}
g - 4,000 Hy W . | .
- 132 1 toet i L.t
F - - 3,000 Q) 2.3 . -3 — a.
- 120 L -
o ) 2.} 1.4 - :
I E- 2,000 ® e 7 13 5
- 108 3 [ > -
i 2 *D in tent [ - 3.
- 9¢ [ 1,000 -3 [
o - I~
- 800 /L_~~ PR
- 84 =2 —_
- 800 // a - |-
L [ 800 - . - X
» 400 =3 =¥ ] - K
wh - y/ [ i
u _ L - [ -
w | - 300 " ([ 18 s
2 oF ~ 2t x
g -~ W
z 60 & | 200 - Was ] |
= zE wi
o |- 54 5 -~ al 5 |
o —
[ =T o
— 100
) PY ~w =zl R |
> - « - 80 x
3 ~ i -l
O Lrae S oo ‘ o 1.0 |10
5 2150 uw scaLe  ENTRANGE st o F i

@ — 40 D TYPE & *

Y 1 = ~9 |9
- - 30 (U] Squers edge with « :
;’ - headwoll g .9
I 1 2
a - 20 Groove and with w b
o L 30 i hesdwall x - .8 L. 8

- [ Groove end — .8 i
- 27 - projscting -

- 10 3

[~ f=_, 7.

Y " 4
- 24 L T

- 6 To use scole {2) or ] ,.\"

uli-] horlzont, scale (1), then . I D
A :_ stroight inclined line through

()/’;‘u-l 0 scoles, or reverss o8 - .6
/_ 3 ilustrated, - & .6
s 3

L 2 - -
- 19 3

o - 5

b L. * .

1o 5
— 12 HEADWATER DEPTH FOR

CONCRETE PIPE CULVERTS

HEADWATER SCALES 283

REVISED MAY 1964 WITH INLET CONTROL

f[_-: 6\OQ'

225

W, S, FLEV =

y/

00342



Mob, TYPE
¢/ ez

F C. B

CHART

1B

— 180 ~ 10,000
. 188 8,000 EXAMPLE (3)
158 n ¢,000 D=4z Inches (3.5 teat) & 6.
- - Q120 cts
|- 144 o 3,000 -
s - 4,000 n; * nw 6. I - 8.
- 132 o faed B Lo -
- 2 8,000 ) 2.5 . 8 o - 4.
— |20 s ®w e T4 - -
- E- 2,000 m e nr —T+—t5 -
|- 108 3 N . -3
5 3 "D in teet - i .~
— 96 L 1,000 -3t N
- 800 1:——‘_.:‘__’_
— 84 - 800 // i i 2 o e
- 300 - - o 5
- 8fe | X
- T2 - 400 / -
2 i el it i
5T - 300 > - 18 e
z b - ~ g - -
Z oo Speoo  ~ Wias |
-84 G [ o - o
- =T a
- 100
w |- es ~8E zt - :
> ~  afp-®0 x
3|~ iC F
O L2 S eo a - ToN {_/ w
w v |- 80 o - 0
o st ANCGE 1.0 o | e S ‘
S TYPE i D :
- bl 8 [~ .9 -
- 38 9
- Squers ségs with o
;’ - haadwoll g [~ .9
-3 2 - i <
- - 80 Groove end with w
°‘ ) 3 hegdwell x I~ .8 ]
E. %) Groove sné -8
- projecting g
- 27 C 10 i
— 7 -
- 24 -8 - .7 -7
|- 8 To use scols (2) or {3) project - B
[ 5 horlzontsily to scole (i), then |
- 24 :_ 4 use stroight inclinad line through
9 D ond Q scoles, o reverse o8 [~ .6
L 3 ilustroted, - .6 [~ -6
I 18 s
- 2 5 i -
- 15 E L
. S S - .5
- 1.0 -
-2 HEADWATER DEPTH FOR

HEADWATER SCALES 283
REVISED MAY 1964

BUREAU OF PUBLIC ROADS JAN. 1963

Qs - 34-6
D

o 2.5

-
-

CFS

/

225

HW: 2.5 8

CONCRETE PIPE CULVERTS
WITH INLET CONTROL

re- COlH3
Ry = G054

L'/S(’/(’V - 6()‘{-0)



— 180
168

- 158
L- 144

- 132
- 120
|- 108

- 96

|- 84
- T2
- 80

- 84

- 48

\

<22

- 36

~ DIAMETER OF CULVERT (D) IN INGHES

- 27

- 24

214

18

el 4

o

CHART 1B

— 10,000
[ 8,000 EXAMPLE
- 6,000 D=4Z inches (3.3 feet)
[ 8,000 Q=120 cfs
- 4,000 X T
- H# toot
3 3,000 ) £ X
o o) 2. 7.4
- 2,000 ) .2 7
32 "D In teet
- 1,000
- 800
- 600
— 800 7
|- 400
- y
— "\'
s 300 ‘V

[

GF2o0 -~

zFE 7

3

_~w 100

o

8

o |

5 <60

#1350 pw ENTRANGE

ol A5
[ 40 ~p SCALE TYPE
— 30 (] Sguars sdge with
o Py headwell
[:—' 20 (!)/7 Groove end with
o hoadwall
E- {3 Groove end
5 projecting
- 10
- 8
- 6 To use scals (2) or (3) project
- 5 horlzontally ta scaie (1), then
[‘_ Py use straight Inclined tine through
- D and Q scoles, or reverss o8
- 3 ittustrated,
L 2
C

(3)
8.
[ 6,
- 8. i
— 6. L ~ 8,
:__ - 4, i
8. o — 4,
Y ol .
s L_ 3. s
s S S
- L -
3. "
e B e
/// =2 Y
- o -
Q2 X
- S |
- L 1.8 1.8
5 o -
ol o LS 5 |
wl
x
<L 3 -
a
zt - .
x
|
& 1.0 1.0
o =3
« 4o -
"]
=T A
x -9
<
o b
T -8 L.
.8
L
7 T
- 5
. [ |s
— .5
L 5 — .5

HEADWATER DEPTH FOR
CONGCRETE PIPE CULVERTS

HEADWATER SCALES 283

REVISED MAY P64

BUREAU OF PUBLIC ROADS JAN 1943

D:?J.g

Hu' = 5.7
Q- 460 CFs

FL =

Weely -

225

WITH INLET CONTROL

)
wJ
W



T\,Fg Ry (0.

oo £ [6 ]

|-
— 180 r— 10,000
[ 168 8,000 EXAMPLE (3)
g - 8.
. 158 | . Da4Z Inches (3.5 foet) N —
- - 8000 0-120 ete 8.
. 144 -~ 5,000 b= B, -
" . ~ & —~ B
o -~ 4,000 ”E' » Hw . = .
- 138 I test B . 4 J
F - - 3,000 M s ws -5t A,
- 120 F 2.000 ® 2.1 1.4 i - -
i E- 2 3 2 Ty 4—r 5
- 108 3 " - ~3 [
~ 5 in teet o 3 » 3.
B I L =
- 96 - 1,000 kel ¥ L
] - 800 :_____,"____..
- 84 L 600 PR = 2.t p
/ N 5
d - 300 g - - s
Qle
ol T2 n 400 y/ = - I
[ = Cop - [ =
5 i 5 300 t‘y i L L8 s
z oF ~ et 5
z |- 60 ey :" 200 / ’h_.‘l - 1.5 i
= zp ) i
o 54 el E/ a} '\’-
= o | 100 e —
5 |- 48 /:‘9‘ — zt R i
3 / / o x
3/{_80 ar - 1.0 | 1o
5 @80 Ly ENTRANGE 8
o - a——— race B -
= ol «0 D SCALE TYPE 5 .0 .
] - - [« e
w - 36 - 30 Q] Squore sdge with : -9
g o headwall g - .9 -
- 33 o
s - . (
a - 20 (L] Groovs end with w
el 30 E Meadwell x - .8 - 8
:— 1)) Groovs end - .8
27 - projecting -
- 7 .
— 24 -8 NEa T
- 6 To use scole (2) or {3) projact F i
e - 5 horlxontally to scale (1), thes |
- a uss siralght Inclined line through
H D and Q acoles, or reverse o8 -~ .6
3 iNlustrated, .. 6 .6
3
- 18 -
- 2 ] - i
- 15 2
E L .8 S — 8
— 1.0 ~
- 12 HEADWATER DEPTH FOR

HEADWATER SCALES 283 CONCRETE PIPE CULVERTS
REVISED MAY 1964 WITH INLET CONTROL

BUREAU OF PUBLIC ROADS JAN 1983

Cr= 73] CFS FL =
D= 3.5
-]w = q.4° 225

-

WSetly=



ETA A

Hode
o

[

D -

Q\S:

<

— 180
168
L

- 158
- 144

- 132
-

- 120
|- 108

- 96

- 84

- T2

DIAMETER OF GULVERT (D) IN INCHES

— 27

- 24

- 21

CHART 1B

HEADWATER SCALES 283

BUREAU OF PUBLIC ROADS JAN. 1963

i ) gy

REVISED MAY 1964

Hws= H,7g'

H8.0 CFg

225

~ 10,000
— 8,000 EXAMPLE 3)
6 000 Dea2 Inches (3.5 feet) -8 6
F ' Q=120 cts *
— 5,000 = 8. H
- 4,000 ,g 3 ww - 6. - [~ 8.
fost - - o S
- 3,000 m 25 88 e - A,
F ® 2.1 74 - - »
- 2,000 ) 2.2 7 4t -
E *D in test . B [ 3
L 1,000 N > r 5
- o
- 800 /‘_ ———a __z____’
- 800 ~ - T
- 800 - = - s
- 400 ~ SF® [ -
- ‘/ L I~ =
L Vg
3 300 ‘V £ 1.8 L.
wl e g : .
[T
S 200 / P t_’ b~ 1.5 R
zFE 7 . Wi i
sf = T
~r (=]
/g - laooo pa z | - L
5 - / x
T 4 -k
o :'I/ ) & - 1.0 Lo
ST 29 HW ., ¢ ENTRANGE °l o F A
- 40 [+] TYPE 5 *
i = A
- 30 () Squors sdge with -«
I headwol) g ~— .9 -
;—- 20 Groove and with :, -
3 headwell x — .8 - 8
3 3 Groove end [~ .8
- projecting ™ -
10 i
- b=, 7.
- = .7
[ ® - .7
;‘ 6 To use scale {2) or (3) project - R
- 8 horlzontally o scale (1}, then S
"_ 4 uss stralght inclined line Phrough
s D and Q scoles, or reverse os b .6
- 3 Illustrated. - .6
E- 2 i - i
o — .5
1o it 3

HEADWATER DEPTH FOR

CONGCRETE PIPE CULVERTS

WITH INLET CONTROL

FL=

c04.05

HW,/D

P
®
-Q
.

ng/pv z 608“83



150 Type Bl Tnler
@ 0ohE 6

CHART 1

B

HEADWATER SCALES 283

BUREAU OFf PUBLIC ROADS JAN. 963

REVISED MAY 1964

CONCRETE PIPE CULVERTS
WITH INLET CONTROL

[ 180 — 10,000
[ 180 [ 8,000 EXAMPLE (3)
[ 136 n 6,000 Dead2 Inches (3.3 feet) [~ 8 Y
- y 04120 cts
144 5,000 -8, |
L . .
- - 4,000 ug » uw * I .
- 132 - toot - 4. 5
[ - 3,000 m s s A - a.
120 F ) 9 7.4 - - "
i - 2,000 ™ ey —t—F—F
|- 108 E [ -3
L 3 "D in fent s - 3.
- 96 - 1,000 -3 A
- i - i
[~ 800 S U, J—
- 84 " e00 // =g
s - 800 - I . r
L 400 Qi-2 | [
- T2 ~ e »f f
] - 300 wt” zr n i
r - o - L8 L 1.8
g 2 o ~ @ =
Sheo - Ee 1
~ zp 7 wt v
Q |- 54 5 :/ <l N __ H a
=1 3 - ’
E _~w [ 100 -l i T =
w |- 48 I g 2 1
| 7 EE® = -
n g =N
3 a2 SEeo a 10 | 1o
[ 0I5 ' o
: ol 40 —D‘! SCAL En;sggcs 1N 1w I 3
i - : .9
w .
¥ e - 30 (1) Square sdge with : -9
H - ;- Neadwall 3 )
b3 ] o e ) e
- - 20 A m Groove end with wt
e - 30 E_ /l hesdwell x - .8 8
V 3) Groove end — .8
- prejecting B 5
- 27 - 1o ! ,
- - 1T
[~ 24 [~ ® - .7
- € To use scale {2) or {3) projsct 3 i
|- 8 horizontally to scols {1}, then |
- 2! o a use straight inclined tine through
| 0 and O scolss, or reverse os - .6
L 3 illustrated. 6 b~ .6
18 E
- 2 ] - i
|- 18 3
- [ . K- [ s
- 1.0 -
12 HEADWATER DEPTH FOR

2
H

B Y
o

]\«/5 Da/z

225

C?(é‘.’ (OQ CFS

FL = {0?27 _

Ws elt? = 5/0:’«)
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iz

e h
obDFS - (4= {2 tmp#33. txt

Manning Pipe Calculator

Given Input Data:
Shape ........
solving for ..
Diameter .....
Flowrate .....
Slope ........
Manning's n ..

Computed Results:
Depth ........
F-Y of -T- R
wetted Area ..
Wetted Perimet
Perimeter ....
velocity .....
Hydraulic Radi
Percent Full .
Full flow Flow
Full flow velo

Critical depth
Critical slope

...................
...................
-------------------
...................
-------------------

-------------------

-
US .o enevvnnannens
rate ........ceennn.
CItY toeinnnnnnnnnn

Critical Information

Circular
Depth of Flow
18.0000 1in
10.2000 cfs
0.0700 ft/ft
0.0130

1 1 ft2

0.7026 ft2
25.3539 1in
56.5487 1in
14.5168 fps
3.9907 1in
41.9231 %
27.7919 cfs
15.7270 fps

15.4735 in
0.0071 fr/ft

Critical velocity ............... 6.0257 fps
Critical area .......ccevvennenn. 1.6928 ft2
Critical perimeter .............. 41.2213 1in
Critical hydraulic radius ....... 5.9134 1in
Critical top width .............. 18.0000 -in
‘ Specific energy .........c.veuue.. 3.9038 ft
Minimum energy ........ceceeeea.. 1.9342 ft
Froude number ................u.. 3.7147
Flow condition .................. ~Supercritical

e et 1 e P

page 1



Modes (715

tmp#2 . txt

Manning Pipe Calculator

Given Input Data:

30"k P $.D,

Shape .....iviiniiniiiiiiienenn, Circular
solving for .......oeiiiaian... Depth of Flow
Diameter .......c.evesseennreannn. 30,0000 1in
Flowrate .....oeeeeveneennnnnnnns K\%Z;BQQQ_C S
STOPE v itiiiii it et .0314 /¥t
Manning's N ....eeiiiiiiinnnann. 0.0130
Computed Results: e
Depth ...ttt cnnnnannn. .3536 i
ATCA v ivvvrnennnnennnancnnonnenes 4.9087 ft2
wetted Aread ......ceersvncnnennnn 2.5280 ft2
wWetted Perimeter ................ 47.8312 in
Perimeter .......eeeevinnennenann 94.2478 1in
VelOCTLY tvvvennninnnncnnscnnnn. 523°F
Hydraulic Radius ................ 7.6109 1n
Percent Full .........cuveevunnn.. 51.1787 %
Full flow Flowrate .............. 72.6826 cfs
Full flow velocity ........oo... 14.8068 fps
Critical Information
Critical depth .......... .. ...... 26.2890 1in
Critical sTope ..o nennn.. 0.0061 ft/ft
Critical velocity .......ovv.u... 7.8648 fps
Critical area ......cccvvencnnnn. 4.8062 ft2
Critical perimeter .............. 69.7019 1in
Critical hydraulic radius ....... 9.9294 in
Critical top width .............. 30.0000 in
Specific energy ........cooiu.. 4.7539 ft
MIiNnimum energy - ....c.oeveuvcscacnnn 3.2861 ft
Froude number ..........ccviueun. 2.6214
Flow condition ..........cccuunnn Supercritical

Page 1



CHART 1B

— 180 10,000
168 8,000 EXAMPLE (3)
[ 158 : 6.000 D= 42 Inches (3.5 foet) [ 8. "y
- F L Q=120 cfs
- 144 — 3,000 : =28 H
o - 4,000 u} » W — 8. I — 8
- 132 ¥ foot - L & -
- - F 3,000 0} 2.8 (Y} 3 o — 4.
— 120 - 2.000 ® 2. 74 i - -
i E~ €, 3 2. 7 O e 5
 1os 3 3 2 F S
o ; "D In fent - - R 3
- 96 L. 1,000 :- 3 - :
i -~ 800 - B -
- 8 ™ ec0 0= s oy g ES.
: L 500 7 =1 - [
n [ 400 - Ri-e r -
n T2 - s~ = i
W Ut - i
1 E—BOO Cy £ 1.8 L. 1.8
g [ £ .r - H"‘/ - ,' ‘/5
g L 5 peoo WS — -
- zE e w - D
S04 s Il - !
= =T a
- 100
W |- a8 ~wE zt - !
> / « - 80
-t / b x
S P =L
o |~ - 6 a -1.0 [ 1o
[ 42 g [ . 3
=] at BW ccaLe ENTRANCE 1.0 L [
x i D TYPE 5
¥ lse . =N ~-9- Lo
:' - 30 (1) Squore sdge with o -
= - headwoll g — .9 =
<38 L s50 ® Groove and with <4
— e oBYe i
] 4 é heudwell 'i’ - .8 - 8
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. Manning Pipe Calculator
Given Input Data:

SHAPE .ttt ieitineria et Circular
solving for ........ .o, Depth of Flow
Diameter .....ceeeiseccninnsanans 30.0000 1in
Flowrate ........cicvvirnencocnnas 37.8000 cfs
STOPE v ieiie et 0.0880 ft/ft
Manning's N .c..viiieiiientneneaan 0.0130

Computed Results: R
Depth ... ittt ii sl 11.48“_."::i>
- o =T W .9087 ft2

wetted Area ............ eraeenaas 1.7280 ft2
wetted Perimeter ................ 40.0193 1in
Perimeter ........cucecennceannsss 94.2478 1in
VeTOCTLY wvvvvecrnnnncnnnncsans 21.8752 fps
Hydraulic Radius ...........c.c... 6.2178 1in
Percent Full .............ciun.. 38.2693 %
Full flow Flowrate .............. 121.6765 cfs
Full flow velocity ..........c... 24.7877 fps
Critical Information
Critical depth ........c......... 26.2890 1in
Critical slope .......cciuruenn. 0.0061 ft/ft
Critical velocity .......cuvvnnns 7.8648 fps
Critical area ........iecvununnas 4.8062 ft2
Critical perimeter .............. 69.7019 1in
Critical hydraulic radius ....... 9.9294 1in
Critical top width .............. 30.0000 1in
‘ Specific energy ...........oo.... 8.3932 ft
Minigum engrgy .................. 3.%??% ft
Froude number ................... 4,.5735 e
Flow condition ................. ;’"§Ubercriticéi—*\\}

\\‘ﬁ‘-.—._,_‘,__,’m_ I L
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R.E.C. CONSULTANTS
2442 SECOND AVENUE
SAN DIEGO, CA 92101

‘19-232-9200
COUNTY OF SAN DIEGO

100 YEAR STORM - COUNTY OF SAN DIEGO

HYDROLOGY - HOMELAND ESTATES - INLETS

THE SITE HAS ONE MOD. TYPE B CURB INLET - AT A SAG

Qio0=] 23.40 |cfs BASINS ADDED: F,G,O,N

(Curb Inlet)
from chart 1-103.6C (City of San Diego Drainage Design Manual)

Q/L = 1.5 cfs/ft of clear opening (typ.)

L= I 15.6 Ift Use 16' std. Type B inlet.

'HE SITE HAS TWO TYPE B CURB INLETS ON GRADE

(Curb Inlet1 - NODE 11)
Quoo=| 3.60 |cfs BASINS ADDED: D

from chart 1-103.6A (City of San Diego Drainage Design Manual)

Q/L = 0.7*(0.77)(3/2) cfs/ft of clear opening (typ.)

L= ft Use 8.0' Opening (Std. 8' Type B-1 inlet)

(Curb Inlet 2 - NODE 8)
Qioo=| 320 |cfs BASINS ADDED: G,H,O

from chart 1-103.6C (City of San Diego Drainage Design Manual)

Q/L = 0.7*(0.77)~(3/2) cfs/ft of clear opening (typ.)

‘= ﬁ Use 7.0" Opening (Std. 8' Type B-1 inlet)

drainage-rep2.xls: INLETS

HOMELAND ESTATES
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Note that the Initial Time of Concentration should be reflective of the general land-use at the
upstream end of a drainage basin. A single lot with an area of two or less acres does not have

a significant effect where the drainage basin area is 20 to 600 acres.

Table 3-2 provides limits of the length (Maximum Length (Lm)) of sheet flow to be used in
hydrology studies. Initial T; values based on average C values for the Land Use Element are
also included. These values can be used in planning and design applications as described
below. Exceptions may be approved by the “Regulating Agency” when submitt¢d with a
detailed study.

Table 3-2

MAXIMUM OVERLAND FLOW LENGTH (Lw)
& INITIAL TIME OF CONCENTRATION (Ty)

Element* | DU/ 5% 1% 2% 3% 5% 10%
Acre LM Ti LM T; LM Ti LM Ti LM Ti LM Ti
Natural 50113.2| 70112.5[,85/10.9 100 10.3 100/ 8.7 190 6.9

1or (1) | 50122 |Go)@us)C®)| 100 100| 95 /\»72? 8.0 £100)/6.4 |
2 10

LDR 501113 70 10.5 /§5\ 921100] 8.8 741100 | 5.8

LDR 2.9 50107} 701100 8| 88| 95| 81/100| 7.0|100 | 5.6

MDR 4.3 50(102| 70| 96| 80} 81| 95| 7.8/100]| 6.7|100] 5.3

MDR 7.3 50| 921 65| 84| 80 74| 95| 7.0/100| 6.0 100 | 4.8

MDR 109 | 50| 87| 65| 7.9| 80| 69| 90| 6.4]|100| 5.7 100 | 4.5
MDR 14.5 | 50| 82| 65| 7.4| 80| 65| 90| 6.0|100] 54 100] 4.3
HDR 24 | 50| 6.7] 65| 61| 75| 51| 90| 49| 95|43[100]35
HDR (43 | 50| 53| 65| 4.7|(75) 40| 85| 3.8| 95| 3.4]100] 27
N. Com 50| 53| 60| 45| 75| 40| 85| 3.8| 95]|3.4[100] 2.7
G.Com 50| 47| 60| 4.1| 75| 3.6| 85| 34| 90| 2.9|100] 24
0.P./Com 50| 42| 60| 3.7] 70| 3.1 80| 2.9] 90| 2.6]100] 22
Limited . 50| 42| 60| 37| 70| 3.1| 80| 29| 90| 26|100] 22
General L. 1 50| 37| 60| 32| 70| 27| 80| 26| 90| 23]100] 19

*See Table 3-1 for more detailed description

3-12
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values will be used for the MRM calculations. After the independent drainage systems have

been combined, RM calculations are continued to the next point of interest.
3.4.2 Procedure for Combining Independent Drainage Systems at a Junction

Calculate the peak Q, T, and I for each of the independent drainage systems at the point of
the junction. These values will be used for the MRM calculations.
{

At the junction of two or more independent drainage systems, the respective peak flows are
combined to obtain the maximum flow out of the junction at T.. Based on the approximation
that total runoff increases directly in proportion to time, a general equation may be written to
determine the maximum Q and its corresponding T, using the peak Q, T, and I for each of
the independent drainage systems at the point immediately before the junction. The general

equation requires that contributing Q’s be numbered in order of increasing T..

Let Q,, Ty, and 1; correspond to the tributary area with the shortest Tc. Likewise, let Qa, T,
and 1, correspond to the tributary area with the next longer T¢; Qs, T3, and I3 correspond to
the tributary area with the next longer Tc; and so on. When only two independent drainage
systems are combined, leave Qs, T3, and I3 out of the equation. Combine the independent

drainage systems using the junction equation below:

Junction Equation: T; <T,<T3

T, T
Qn=Q +-Q,+-1Q
Ti 1 T 2 T3 3

2

1 T.
Q'rz:Qz'*"I’j‘Ql"'fQ;;

1 |
QT3=Q3+“I’3‘Q1+‘1‘3‘Q2
1

2
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